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Abstract of the disclosure 

KtUlloccoM con training aryl-subetituted indesyl deriva- 
tives as Uganda, procaaa for their preparation, and 
their usa aa catalysts* 

A vary effective catalyst system for the polymerisation 
or copolymer! xatioo of olefina comprises a cocatelyst, 
preferably an aluminoxane or a supported aluminoxane, and 
a metallocene of tha formula I 




in which, in tha preferred fon f M 1 ia Zr or Bf , R 1 and R* 
are halogen or alkyl, R* is alkyl, R 4 to R u axe alkyl or 
hydrogen and R 11 is a (substituted) alkylene or heteroatoa 

bridge. The metallocenes, in particular tha rirconocenes, 
produce polymers of very high molecular weight, in the 
case of prochiral nonooers polymers of very high molecular 
weight, very high stereotacticity and very high melting 
point, at high catalyst activities in the industrially 
particularly interesting temperature range between 50 and 
80°C. In addition, reactor deposits are avoided by means 
of supported catalyst systems- 
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Description 

Metallocenes containing axyl- substituted indenyl deriva- 
tives as Uganda, process for their preparation, and 
their use as catalysts. 

5 The invention relates to novel metallocenes containing 
aryl-substituted indenyl derivatives as ligands which can 
be used very advantageously as catalysts components in 
the preparation of polyolefins of high isotacticity , 
narrow molecular-weiqht distribution and very high 

10 molecular weight. 

Polyolefins of high molecular weight are of particular 
importance for the production of films, sheets or large 
hollow articles or moldings, such as, for example, pipes. 

The literature discloses the preparation of polyolefins 
15 using soluble metal locene compounds in combination with 
aluminoxanes or other cocatalysts which, due to their 
Lewis acidity, are able to convert the neutral metal- 
locene into a cation and stabilize it. 

Soluble metallocene compounds based on bis (cyclop* nta- 
20 dienyl)dialkylzirconiumorbis(cyclopentadienyl) zirconium 
dihalide in combination with oligomer ic aluminoxanes are 
capable of polymerizing ethylene in good activity and 
propylene in federate activity. Polyethylene having a 
narrow molecular-weight distribution and moderate mole- 
25 cular weight is obtained. The polypropylene prepared in 
this way is atactic and has a very low molecular weight. 

The preparation of isotactic polypropylene is achieved 
with the aid of ethy lenebis( 4,5,6, 7-tetrahydro- 
1-indenyl) zirconium dichloride together with an alumin- 
30 oxane in a suspension polymerization (cf. BP 185 918). 
The polymer has . a narrow molecular-weight distribution. 
A particular disadvantage of this process io that, at 
industrially relevant polymerization temperatures, only 
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polymers having * very low molecular weight can be 
prepared. 

A special preactivation method for the metallocene using 
an aluminoxane has also been proposed, resulting in a 
5 significant increase in the activity of the catalyst 
system and in a considerable improvement in the grain 
morphology of the polymer (cf. DS 37 26 067), However, 
the preactivation hardly increases the molecular weight 
at all. 

10 Also known are catalysts based on ethylenebicindenyl- 
hafnium dichloride and ethylenebia ( 4 r 5 , 6 f 7-tetrahydro- 
1-indenyl) hafnium dichloride and methylaluminoxane, by 
means of which relatively high-molecular-weight poly- 
propylenes can be prepared by suspension polymerization 
15 (cf. J. Am. Chem. Soc. (1987), 122, 6544). However, the 
grain morphology of the polymers produced in this way 
under industrially relevant polymerization conditions is 
unsatisfactory, and the activity of the catalyst systems 
employed is comparatively low. Together with the high 
20 catalysts costs, inexpensive polymerization using these 
systems is thus impossible. 

A significant increase in the molecular weight has been 
achieved by using metallocenes in which the aromatic 
*-ligands fixed by a bridge carry substituents in the 
25 2-position (cf . DE 40 35 886) or in the 2- and 4-poeition 
(cf . DE 41 28 238) . 

A further increase in the molecular weight has been 
achieved by using aromatic *-ligands containing sub- 
stituents in the 2-, 4- and 6-position (cf . DE 41 39 596) 
30 and aromatic s-ligands of the 4 , 5-benzoindenyl type (cf. 
DE 41 39 595). 

The last-mentioned metallocenes con tain ing said sub- 
etituents ft re already very effective in this respect at 
the polymerization temperature of 70 # C. lievertheless, the 



2099214 

- 3 - 

molecular weight* which can be achieved at the indue* 
trially optimum polymerization temperature of 70*C are 
still too low for many industrial applications, such as, 
for example, the preparation of polymers for pipes and 
5 large hollow articles, and in particular fibers. 

Under the constraint i of inexpensive large-scale pro- 
duction, polymerizations must be carried out at the 
highest possible reaction temperature, since the heat of 
reaction produced at relatively high polymerization 
10 temperatures can be dissipated using little cooling 
medium. The cooling-water circuit can therefore be made 
significantly smaller. 

A disadvantage which frequently occurs in soluble (homo- 
geneous) metal locene /methyl aluminoxane catalyst systems 

15 in processes in which the polymer is formed as a solid is 
the formation of thick deposits on reactor walls and 
stirrer. These deposits are formed by agglomeration of 
the polymer particles if the metallocene, or aluminoxane, 
or both, are in the form of a solution in the suspension 

20 medium. Deposits of this type in the reactor systems must 
be removed regularly, since they rapidly achieve con- 
siderable thicknesses, have high strength and hinder heat 
exchange with the cooling medium. 

It is therefore advantageous to employ metallocenes in 
25 supported form. An efficient and simple process for 
supporting metallocenes which can be employed universally 
in *11 polymerization processes has been proposed (cf. 
EP 92 107331.8). 

A further disadvantage in the case of stereo pacific 
30 polymerization of prochiral monomers, for example of 
propylene, using metallocene catalysts is the relatively 
low isotacticity, which results in low melting points in 
the case of isotactic polypropylene. In particular 
metallocenes containing substituents in the 2- and 
35 4-position and specifically rac-dimethyl- 
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silylbio ( 2-metiiyl-4-isopropylindeny 1 ) zirconium dichloride 
in combination with methylaluminoxane gives, in the case 
of propylene, a polymer of high isotacticity and thus 
high melting point (cf. DE 41 28 238). nevertheless, the* 
melting points which can be achieved are too low at 
industrially relevant polymerization temperatures (for 
example 70 # C) for some industrial applications* 

However, there are also industrial applications in which 
low melting points are desired* 

10 The object was to find a process and/or a catalyst system 
wh * zh produces polymers of very high molecular weight 
and, in the case of isospecific polymerization of 
prochiral monomers, polymers of high isotacticity in high 
yield* The use of a support would prevent the disadvan- 

15 tages known from the prior art caused by deposit forma- 
tion and a high proportion of fine particles* The use of 
hydrogen as molecular weight regulator should then enable 
the entire range of industrially interesting molecular 
weights to be covered by means of only a single 

20 metallocene • 

It has been found that metallocenes containing specific 
indenyl derivatives as Uganda are suitable catalysts 
(catalyst components) in the preparation of polyolefins 
of high molecular weight, in particular on use o£ pro- 
25 chiral monomers of icotactic polyolefins of very high 
molecular weight and very high isotacticity. 

Reaction of these soluble metallocones with a supported 
org&noaluminum catalyst component gives a catalyst system 
which requires no additional cocatalyat for activation 
30 and completely prevents formation of reactor deposits. 

The present invention therefore relates to compounds of 
the formula I: 
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in which 

M l is a metal from group IVb, Vb or VIb of the Periodic 
Table, 

R*. and R a are identical or different and are a hydrogen 
atom, a C.-C^-alkyl group, a C^-C^-alkoxy group, a C f - 
C 10 -aryl group, a C f -C l0 -aryloxy group, a C,-C 10 -alkenyl 
group, a C 7 -C« 0 -arylal)cyl group, a C 7 -C 40 -alkylaryl group, 
a C t -C, 0 -arylalkenyl group, an OB group or a halogen atom, 
the radicals R 1 are identical or different and are a 
hydrogen atom, a halogen atom, a Ci-C^-alkyl group, which 
may be halogenated, a C.-C^-aryl group, an -NR 1 *,, -SR U , 
-OSiR w „ -SiR u , or -PR W , radical, in which R u is a 
halogen atom, a Ci-C^-alkyl group or a C,-C l0 -aryl group, 
R 4 to R lJ are identical or different and are as defined 
for R\ or adjacent radicals R* to R", together with the 
atoms connecting tham, form one or more aromatic or 
aliphatic rings, or the radicals R* and R 1 or R", together 
with the atoms connecting them, form an aromatic or 
aliphatic ring, 
R" is 
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-BR 14 , -AIR 14 , -Ge-, -0-, -S-, «SO f -SO a , -NR 14 , -CO, -PR 14 
or -P{0)R 14 , where R 14 and R lJ are identical or different 
and are a hydrogen atom, a halogen atom, a C s -C 10 -alkyl 
group, a C,-C 10 -f luoroalkyl group, a C^C^-alkoxy group, a 
C«-C l0 -aryl group, a C 4 -C l0 -f luoroaryl group, a 
C^Cio-aryloxy group, a C,-C 10 -alkenyl group, a 
C 7 -C 40 -arylalkyl group, a C,-C 40 -alkylaryl group or a 
C t -C 40 -arylalkenyl group, or R 14 and R 1S , in each case 
together with atoms connecting them, form one or more 
rings, and 

M 2 is silicon, germanium or tin. 



The present invention also relates to a process for the 
preparation of an olefin polymer by polymerization or 
copolymerization of an olefin of the formula R*-CH-CH-R b , 
in which R* and R* are identical or different and are a 
hydrogen atom or a hydrocarbon radical having 1 to 14 
carbon atoms, or R* and R h , together with the atoms 
connecting them, may form one or acre rings, at a 
temperature of from -60 to 200 # C, at a pressure from 0.5 
to 100 bar, in solution, in suspension or in the gas 
phase, in the presence of a catalyst formed from a 
metal locene as transit ion-metal compound and a 
cocatalyst, wherein the mctallocene is a compound of tl : 



2099214 

• 7 - 

formula I « 

The compound* according to the invention are metallocsnee 

of the formula I 




in which M l is a metal from group IVb, Vb or VIb of the 
5 Periodic Table, for example titanium, zirconium, hafnium, 
vanadium, niobium, tantalum, chromium, molybdenum or 
tungsten, preferably zirconium, hafnium or titanium. 

R 1 and R a are identical or different and are a hydrogen 
atom, a C^C^-, preferably C^Cj-aikyl group, a Cj-C l0 -, 

10 preferably C^Cj-alkoxy group, a C t -C 10 -, preferably 
C-C.-aryl group, a C,-C 10 -, preferably C.-C.-aryloxy group, 
a C,-C 10 -, preferably C,-C 4 -alkenyl group, a C,-C 40 -, 
preferably C 7 -C 10 -arylalkyl group, a C^-C^-, preferably 
C,-C u -alkylaryl group, a C,-C 48 -, preferably C t -C„-arylalk- 

15 enyl group, or a halogen atom, preferably chlorine. 

The radicals R 1 to R" are identical or different and are 
a hydrogen atom, a halogen atom, preferably fluorine, 
chlorine or bromine, a Cj-C^-, preferably Ci-C^alkyl 
group, which may be halogenated, a C 4 -C 10 -, preferably 
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C-C.-aryl group, an -NR 14 a , -SR", -OSiR M af -SiR 14 , or -PR 14 , 
radical, where R 14 can be a halogen atom, preferably 
chlorine, or a C^-C^-, preferably C.-C.-alkyl group or a 
C,-C 10 -, preferably C.-C.-aryl group. 

The adjacent radicals R 4 to R u , together with the atone 
connecting them, can form an aromatic, preferably 
6-membered aromatic or aliphatic, preferably 4-8-membered 
aliphatic ring. 



R 13 is 




-BR 14 , -AIR 14 , -Ge-, -0-, -S-, -SO, -SO,, -MR 14 , -CO, -PR 14 
or -P(0)R 14 , preferably 
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■BR 14 , -AIR 14 , -Ge-, -0-, -S-, -SO, -SO,, -KR 14 , -CO, -PR 14 
or -P(0)R 14 , where R 14 and R 1S are identical or different, 
and are a hydrogen atom, a halogen atom, a Cj-C 10 -, 
preferably a C^C^alkyl group, in particular a methyl 
group, a Cj-C^-f luoroalkyl group, preferably a CF, group, 
a C«-C 10 -, preferably C,-C,-aryl group, , a C„-C 10 -f luoroaryl 
group, preferably a pentaf luorophenyl group, a C,-C 10 -, 
preferably C,-C 4 -alkoxy group, in particular a methoxy 
group, a C 2 -C 10 -, preferably C a -C 4 -alkenyl group, a C 7 -C 40 -, 
preferably C 7 -C 10 - arylalkyl group, a C g -C 40 -, preferably 
C.-C^-arylalkenyl group, a C 7 -C 40 -, preferably 
C 7 -C ia -alkylaryl group, or R 14 and R IS , in each case with 
the atoms connecting them, form £ ring* 

M a ia silicon, germanium or tin, preferably silicon or 
germanium. 

For compounds of the formula I, it is preferred that 
M 1 is zirconium or hafnium, 

R l and R J are identical and are a Cj-Cj-alkyl group or a 
halogen atom, 

the radicals R J are identical and are a C 1 -C 4 -alkyl group, 
R 4 to R" are identical or different and are hydrogen or 
a C,-C 4 -alkyl group, 




R u is 
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where M 3 is silicon or germanium and R 1 * and R 1 are 
identical or different and a C.-C.-alkyl group or a 
C«-C J0 -aryl group. 

5 Preference is furthermore given to the compounds of 
formula I in which the radicals R 4 and R 7 are hydrogen, 
and R\ R 4 and R* to R ia are a -alkyl group or 

hydrogen . 

Particular preference is given to compounds of the 
10 formula I in which M l is zirconium, R 1 and R 1 are ident- 
ical and are chlorine, the radicals R 1 are identical and 
are a C t -C,-alkyl group, R 4 and R 7 are hydrogen, R\ R* and 
R* to R" are identical or different and are a Cj-C^-alfcyl 
group or hydrogen, and R" is 

-14 R 14 I 14 

i I I 

15 — C C 



where K 3 io silicon, and R 14 and R" are identical or 
different end are a C^C.-alkyl group or a C 4 -C 10 -aryl 
group* 

The preparation of the metalloosn I is carried out by 
20 processes known from the literature and is shown in the 
reaction echeee below t 



r 
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X - & nucieophilic leaving group, for «xMpl« h«log«n 
toayl. 
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R>Li/R a Li | 
> HETALLOCENE of the formula I 

The 2-phenylbenzyl halide derivatives of the formula A 
are commercially available or can be prepared by methods 
known from the literature. 

The conversion to the compounds of the formula B is 
carried out by reaction with substituted malonic esters 
under basic conditions , such as, for example, in 
ethanolic solutions of sodium ethoxide. 

The compounds of the formula B are hydrolyzed by means of 
alkali metal hydroxides, such as potassium hydroxide or 
sodium hydroxide, and the resultant di car boxy lie acids 
are decarboxylated by treatment at elevated temperature 
to give the compounds of formula C. 

The ring closure to give the corresponding phenyl- 
1-indanonee of the formula D is carried out by reaction 
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with chlorinating reagents, such as, for example, SOC1,, 
to give the corresponding acid chlorides and subsequent 
cyclization by means of a Friedei-Crafta catalyst in an 
inert solvent, such as, for example, A1C1, or poly- 
5 phosphoric acid in methylene chloride or CS a . 

The conversion to the 7 -phenyl indene derivatives of the 
formula E is carried out by reduction using a hydride- 
transferring reagent, such as, for example, sodium 
borohydride or lithium aluminum hydride or hydrogen and 

10 an appropriate catalyst in an inert solvent, such as, for 
example, diethyl ether or tetrahydrofuran, to give the 
corresponding alcohols and dehydration of the alcohols 
under acidic conditions, such as, for example, p-toluena- 
sulfonic acid or an aqueous mineral acid, or by reaction 

15 with dehydrating substances, such as magnesium sulfate, 
anhydrous copper sulfate or molecular sieve. 

The preparation of the ligand systems of the formula G 
and the conversion to the bridged, chiral metallocenes of 
the formula H and the isolation of the desired ra-^emic 
20 form are known in principle. To this end, the phenyl- 
indene derivative of the formula B is deprotonated using 
a strong base, such as, for example, butyllithium or 
potassium hydride in an inert solvent, and is reacted 
with a reagent of the formula P to give the ligand system 
25 of the formula G. This is subsequently deproteinated by 
means of two equivalents of a strong base, such as, for 
example butyllithium or potassium hydride in an inert 
solvent, and is reacted with the appropriate metal 
tetrahalide, such as, for example, xirconium 
30 tetrachloride, in a suitable solvent. Suitable solvents 
are aliphatic or aromatic solvents, such as, for example, 
hexane or toluene, ethereal solvents, such as, for 
example, tetrahydrofuran or diethyl ether, or halogenated 
hydrocarbons, such as, for example, methylene chloride or 
35 halogenated aromatic hydrocarbons, such as, for example, 
o-dichlorobenzeno. Separation of the racemic and meso 
forms is effected by extraction or recry stall Iz atlon 
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using suitable solvents. 

The derivatization to give the metallocenes of the 
formula I can be carried out, for example , by reaction 
with alkylating agents, such as methyllithium. 

Metallocenee I according to the invention are highly 
active catalyst components for the polymerization of 
olefins. The chiral metallocenes are preferably employed 
as racemates. However, it is also possible to use the 
pure enantiomers in the ( + ) or (-) form. The pure enan- 
tiomera allow an optically active polymer to be prepared. 
However, the meso form of the metallocenes should be 
removed, since the polymerizaticn-active center (the 
metal atom) in these compounds is no longer chiral due to 
the mirror symmetry at the central metal atom and it is 
therefore not possible to produce a highly isotactic 
polymer. If the meso form is not removed, atactic polymer 
is formed in addition to isotactic polymer. For certain 
applications, for example soft moldings, this may be 
entirely desirable. 

According to the invention, the cocatalyst used is 
preferably an aluminoxane of the formula Ila for the 
linear type and/or of the formula lib for the cyclic type 
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where, in the formulae Ha and lib, the radical. R n may 
be identical or different and are a C^-alkyl group, a 
C,-C lt -aryl group, benzyl or hydrogen, and p ie an integer 
from 2 to 50, preferably 10 to 35, 

Radicals R 17 are preferably identical and are preferably 
methyl, isobutyl, phenyl or benzyl, particularly prefer- 
ably methyl. 

If the radicals R 17 are different, they are preferably 
methyl and hydrogen or alternatively methyl and isobutyl, 
where hydrogen or isobutyl is preferably present to the 
extent of 0.01-40 % (number of radicals R"). 



The alumiaoxane can be prepared in various ways by known 
processes. One of the methods is, for example, to react 
an aluminum hydrocarbon compound and/or a hydridbaluminum 
15 hydrocarbon compound with water (in gas, solid, liquid or 
bound form - for example as water of crystallization) in 
an inert solvent (such as, for example toluene). In order 
to prepare an aluminoxane containing different radicals 
R 17 , two different trialkyl aluminum compounds, for 
20 example, according to the desired composition are reacted 
with water. 

The precise structure of the aluminoxanes Ha and lib is 
unknown. 

Irrespective of the preparation method, all aluminoxane 
25 solutions have in common a varying content of unreacted 
aluminum starting compound, which is in free form or as 
an adduct. 

It is possible to reactivate metallocene by means of 
aluminoxane of the formula Ha and/or lib before use in 
30 the polymerization reaction. This significantly increases 
the polymerization activity and improves the grain 
morphology. Reactivation of the transition-metal compound 
is carried out in solution. The metallocene is preferably 
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dissolved in a solution of the aluminoxane in an inert 
hydrocarbon. Suitable inert hydrocarbons are aliphatic or 
aromatic hydrocarbons. Toluene is preferred. 

The concentration of the aluminoxano in the solution is 
5 in the range from about 1 % by weight to the saturation 
limit, preferably from 5 to 30 % by weight, in each case 
based on the total amount of solution. The metallocene 
can be employed in the same concentration, but is prefer- 
ably employed in an amount of from 10* 1 to 1 mol per mol 
10 of aluminoxane. The preactivation is carried out for from 
5 minutes to 60 hours, preferably for from 5 to 
60 minutes. The temperature is -78 to 100 # C, preferably 
from 0 to 70°C. 

The metallocene can be used to carry out a prepoly- 
15 merization, preferably using the (or one of the) 
olefin(s) employed in the polymerization. 

! 

The metallocene can also be applied to a support. Suit- 
able support materials are, for example, silica gels, 
aluminu;. oxides, solid aluminoxane or other inorganic 
20 support materials, such as, for example, magnesium 
chloride. Another suitable support material is a poly- 
olefin powder in finely divided form. 

It is preferred to apply the cocatalyst, i.a. the organo- 
aluminum compound, to a support, such as, for example, 
25 silica gels, aluminum oxides, solid aluminoxane, other 
inorganic support materials or alternatively a polyolef in 
powder in finely divided form, and then to react it with 
the metallocene. 

Inorganic supports which can be employed are oxides 
30 produced by flame py rolycis by combustion of element 
halides in an oxy hydrogen flame, or can be prepared an 
silica gels in certain particle size distributions and 
particle snap o. 
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The preparation of the supported cocatalyst can be 
carried out, for example, as described in EP 92 107 331.8 
in the following way in an explosion-proofed stainless- 
steel reactor with a 60 bar pump system, with inert-gas 
supply, temperature control by jacket cooling and second 
cooling circuit via a heat exchanger on the forced- 
circulation system. The pump system aspirates the reactor 
contents via a connection in the reactor bottom and 
forces them into a mixer and back into the reactor 
through a rising line via a heat exchanger. The mixture 
is designed so that the feed contains a narrowed tube 
cross section, where an increased flow rate is produced 
and in whose turbulence zone a narrow feed line is 
installed axially and against the flow direction and 
which can be fed - in cycles - in each case with a 
defined amount of water under 40 bar of argon. The 
reaction is monitored via a sampler in the pump circuit. 

In principle, however, other reactors are also suitable. 

In the above-described reactor having a volume of 16 dm 1 , 
5 dm 3 of decane are introduced under inert conditions. 
0.5 dm J (-5.2 mol) of trimethy. iluminum are added at 
25*C. 250 g of silica gel SD 3216-30 (Grace AG) which had 
previously been dried at 120 9 C in an argon f luidiaed bed 
are then metered into the reaotor through a solids funnel 
and homogeneously distributed with the aid of the stirrer 
and the pump system. A total amount of 76.5 g of water io 
introduced to the reactor in portions of 0«1 cm 1 every 
15 seconds over the course of 3.25 hours. The pressure, 
caused by argon and the evolved gases, is kept content 
at 10 bar by a pressure-regulation valve. When all the 
water has been introduced, the pump system is switched 
off and the stirring io continued for a further 5 hours 
at 25 # C. 

The supported cocatalyst prepared in this way is employed 
as a 10 * strength suspension in n-deoano. The aluminum 
content la 1.06 tamol of Al per cm 1 of suspension. The 
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isolated solid contains 31 % by weight of aluminum, and 
the suspension medic* contains 0.1 % by weight of 
aluminum* 

Further ways of preparing a supported cocatalyst are 
5 described in EP 92 107331.8. 

The metallocene according to the invention is then 
applied to the supported cocatalyst by stirring the dis- 
solved metallocene with the supported cocatalyst. The 
solvent is removed and replaced by a hydrocarbon in which 
10 both the cocatalyst and the metallocene are insoluble. 

The reaction to give the supported catalyst system is 
carried out at a temperature of from -20 to +120 # C, 
preferably ac from 0 to 100 # C, particularly preferably at 
from 15 to 40°C. The metallocene is reacted with the 
15 supported cocatalyst by combining the cocatalyst as a 
from 1 to 40 % strength by weight suspension, preferably 
with a from 5 to 20 % strength by weight suspension, in 
an aliphatic, inert suspension medium, such as n-decane, 
hexane, heptane or dioeel oil, with a solution of the 
20 metallocene in an inert solvent, such as toluene, hexane, 
heptane or dichloromethane, or with the finely ground 
solid of the metallocene. Conversely, it ir also possible 
to react a solution of the metallocene with the solid of 
the cocatalyst. 

25 The reaction is carried out by vigorous nixing, for 
example by stirring at a Eolar Xl/M 1 ratio of from 100/1 
to 10,000/1, preferably from 100/1 to 3,000/1, and for a 
reaotion time of from 5 to 120 minutes, preferably from 
10 to €0 minutes, particularly preferably from 10 to 
30 30 minutes, under inert conditions. 

During the reaotion time for the preparation of the 
supported catalyst system, in particular on use of 
metalloceneu aocording to the invention having absorption 
maxima in the visible region, ohang e in the oolor of the 
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reaction mixture occur which can be used to monitor the 
progress of the reaction. 

When the reaction time is complete, the supernatant 
solution iB separated off, for example by filtration or 
5 decanting. The solid which remains is washed from 1 to 5 
times with an inert suspension medium, such as toluene, 
n-decane, hexane, diesel oil or dichloromethane, in order 
to remove soluble constituents in the catalyst formed, in 
particular to remove unreacted and thus soluble 
10 metallocene. 

The supported catalyst system prepared in this way can be 
dried in vacuo as a powder or resuspended with adhering 
solvent and metered into the polymerization system as a 
suspension in one of the abovementioned inert suspension 
15 media. 

According to the invention, compounds of the formulae 
R 1, K NH 4 .,BK 1, 4 , R 1, m PH 4 . m BR l \, R li J CBR l> 4 and BR lf , can be used as 
suitable cocataly-ta in place of or in addition to an 
aluminoxane. In these formulae, x is a number from 1 to 
20 4, preferably 3, the radicals R" are identical or differ- 
ent, preferably identical, and are C,-C l0 -alkyl, 
C.-Cj.-aryl or 2 radicals R J \ together with the atom 
connecting them, form a ring, the radicals R if are identi- 
cal or different, preferably identical, and are 
25 C«-C lB -aryl, which may be substituted by alkyl, hftloalxyl 
or fluorine. In particular, R xi is ethyl, propyl, butyl or 
phenyl And R l \ phenyl, pentaf luorophenyl, 3,5- 
bistrifluoromethylphenyl, mesityl, xylyl or tolyl (of. 
EP 277 003, E? 277 004 and EP 426 638). 

30 If the abovementioned cocatalysts are used, the actual 
(active) polymerization catalyst comprises the product of 
the reaction of the metallooene and one of said com- 
pounds. Por this roeson, this reaction product is prefer- 
ably prepared in advance outeido th<i polymerization 

35 reactor in a separate step using a suitable solvent* 
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In principle, the cocatalyst can be, according to the 
invention, any compound which , due to its Lewis acidity, 
is able to convert the neutral metallocene into a cation 
and stabilize the latter (-labile coordination"). In 
addition, the cocatalyst or the anion formed therefrom 
should not undergo any further reactions with the metall- 
ocene cation formed (cf. BP 427 697). 

In order to remove catalyst poisons present in the 
olefin, purification using an alkylaluminum compound, for 
example trimethylaluminum or triethylaluminum, is advan- 
tageous* This purification can be carried out either in 
the polymerization system itself, or the olefin is 
brought into contact with the Al compound before intro- 
duction into the polymerization system and is subsequent- 
ly removed again. 

The polymerization or copolymerization is carried out in 
a known manner in solution, in suspension or in the gas 
phase, continuously or batchwise, in one or more steps, 
at a temperature of from -60 to 200 # C, preferably from 30 
20 to 80 # C, particularly preferably from 50 to 80 # C. The 
polymerization or copolymerization is carried out using 
olefins of the formula R*-ca-CH-R b . In this formula, R* 
and R b are identical or different and are a hydrogen atom 
or an alkyl radical having 1 to 14 carbon atoms. However, 
25 R* and R b may alternatively form a ring together with the 
carbon atoms connecting them. Examples of such olefins 
are ethylene, propylene, 1-butene, 1-hexene, 4 -ma thy 1- 
1-pentene, 1-octene, norbornene and norbornadiene. In 
particular, propylene and ethylene are polymerized. 

30 If necessary, hydrogen is added as a molecular-weight 
regulator and/or in order to inarease the activity. The 
overall pressure polymerization system is from 0.5 to 
100 bar. Polymerization is preferably carried out in the 
induetritlly particularly interesting pressur range from 

35 5 to 64 bar. 
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The metallocene is used in the polymerization in a 
concentration, based on the transition metal, of from 10° 
to 10^ mol, preferably from 10" 4 to 10' 7 mol r of 
transition metal per dm 1 of solvent or per dm 1 of reactor 
5 volume • The aluminoxane is used in a concentration of 
from 10- 5 to 10- 1 mol, preferably from 10- 4 to 10* 2 mol, per 
dm 3 of solvent or per dm 3 of reactor volume. The other 
cocatalysts mentioned are used in an approximatsly 
equimolar amount with respect to the metallocene. In 
10 principle, however, higher concentrations are also 
possible. 

If the polymerization is carried out as a suspension or 
solution polymerization, an inert solvent which is 
customary for the Ziegler low-pressure process is used. 
15 For example, the polymerization is carried out in an 
aliphatic or cycloaliphatic hydrocarbon; examples which 
may be mentioned are propane, butane, hexane, heptane, 

isooctane, cyclohexane and methylcyclohexane . It is 

furthermore possible to use a benzine or hydrogenated 
20 diesel oil fraction. Toluene can also be used. The 

polymerization is preferably carried out in the liquid 

monomer. 

If inert solvents are used, the monomers are metered in 
in gas or liquid form. 

25 The polymerization can have any desired duration, since 
the catalyst system to be used according to the invention 
exhibits only i slight time -dependent drop in polymer- 
ization activity. 

Before eddition of the catalyst, in particular of the 
30 supported catalyst eystem (comprising a metallocene 
according to the invention and a supported cocatalyst or 
a metallocene according to the invention and an organo- 
aluminum compound on a polyolefin powder in xinely 
divided form), another alkylaluminum compound, such as, 
35 for cxaxaple, trim thylaluminum, tr let hyl aluminum, 
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triisobutylaluminum, tr ioctylaluminum or 
isoprenylaluminum, may additionally be introduced into 
the reactor in order to render the polymerization system 
inert (for example to remove catalyst poison, present in 
5 the olefin) . This compound is added to. the polymerization 
system in a concentration of from 100 to 0,01 mmol of Al 
per kg of reactor contents. Preference is given to 
triisobutylaluminum and triethylaluminum in a 
concentration of from 10 to 0.1 mmol of Al per kg of 
10 reactor contents. This allows the molar Al/H l ratio to be 
selected at a low level in the synthesis of a supported 
catalyst system. 

In principle, however, the use of further substances for 
catalysis of the polymerization reaction is unnecessary, 
15 i.e. the systems according to the invention can be used 
as the only catalysts for the polymerization of olefins. 

The process according to the invention is distinguished 
by the fact that the metallocenes described give polymers 
of very high molecular weight, in the case of prochiral 
20 monomers very high molocular weight and very high stsreo- 
tacticity, with high catalyst activities in the industri- 
ally particularly interesting temperature range from 50 
to 80*C. 

in particular, the zirconocenes according to the inven- 
25 tion are distinguished by the fact that, in the case of 
stereoepecific polymerization of prochiral olefins, for 
example polypropylene, polymers of high isotacticity are 
obtainsd. 

in particular in the case of isospecifio polymerization 
30 of propylene, iaotactic polypropylene having long iao- 
tactio seguenc 1 ngths end high melting point are 
obtained. 



In addition, the catalyst systems supported according 
the invention prevent r aotor dopoeits. 
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The examples below serve to illustrate the invention in 
greater detail. 

All glass equipment was dried by heating in vacuo and was 
flushed with argon. All operations were carried out in 
Schlenk vessels with exclusion of moisture and oxygen. 
The solvents used were in each case freshly distilled 
over Na/K alloy under argon and stored in Schlenk 
vessels . 

The determination of the Al/CH, ratio in the aluminoxane 
was carried out by decomposition of the sample using H 2 S0 4 
and determination of the volume of the resultant 
hydrolysis gases under standard conditions and by 
complexometric titration of the aluminum in the sample, 
then dissolved, by the Schwarzenbach method. 

For Example Nos. 3 to 5 with the supported aluminum 
compound (methyl aluminoxane on silica gel), referred to 
below as "MAO on SiO,*, an approximately 10 % strength by 
weight suspension in n-decane was prepared, containing, 
according to aluminum determination, 60 mg of Al/cm*. 

20 For Examples 26 to 30 with the supported aluminum com- 
pound (methylaluminoxane on silica gel SD 3216-30/Grace) , 
referred to below as -FMAO on SiO,", a solvent-free 
powder was used containing 20 % by weight of aluminum in 
the solid. 

25 Toluene-soluble methylaluminoxane was employed as a 10 % 
strength by weight toluene solution for the examples for 
suspension polymerization and for bulk polymerization 
with unsupported metal locene and contained, according to 
aluminum determination, 36 mg of Al/om 1 . The mean degree 

30 of oligomer ization, according to freezing point 
depression in b nzene, was n - 20. For the toluene- 
soluble methylaluminoxane, an AliCH, rati of 1 i 1.55 
was determined. 
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The following abbreviations are used t 

VI m viscosity index in cmVg 

- weight average molecular weight in g/mol 
(determined by gel permeation 
5 chromatography) 

M^/M* - molecular weight disperaity 

M-p . « melting point in # C (determined by DSC, 

heating/cooling rate 20 # C/min) 
IX - isotactic index (II - mm + 1.2 mr, deter- 

10 mined by U C-NMR spectroscopy) 

MFI 230/5 - meltflow index, measured in accordance 

with DIN 53735, in dg/min 
BD - polyrer bulk density in g/da 3 . 

Synthesis of the metallocenee I used in the polymer- 
15 ization examples (the starting materials employed are 
commercially available)! 

A, r ac- Dime thy Is ily Ibis (2-methy 1-4 -phenyl - 

indonyl) zirconium dichloride (5) 

1. (x)-2-(2-phenylbenzyl) propionic acid (1). 

20 48.6 g (0.279 mol) of diethylmethyl malonate were added 
dropwise at room temperature to 6.5 g (0.285 mol) of 
sodium in 160 cm 1 of H,0-free EtOH. 70.4 g (0.285 mo?) of 
2-phenylbenzyl bromide in 20 cm* of H,0-free EtOH were 
subsequently added dropwise, the batch was refluxed for 
25 3 hours. The solvent was stripped off, and 200 cm 1 of H,0 
were added to the residue. The organic phass was separat- 
ed off, and the aqueous phase was saturated with NaCl and 
extracted twice with 200 cm 1 of Bt,0 in each case. The 
organic phase combined with the extracts was dried 
30 (HgS0 4 ) . 

The residue remaining after the solvent had been stripped 
off w*s taken up in 500 cm 1 of EtOH and 50 cm? of H,0, and 
56 g (1 mol) of KOH were added. The reaction mixture was 



t 



2099214 

(. - * " 

refluxed for 4 hours. The eolvent wa. stripped off in 
vacuo, the residue was taken up in 500 cm 1 of H 3 0, and the 
solution was acidified to P H 1 by mean, of concentrated 
aqueous HC1. The precipitate which deposited was filtered 
5 off with suction and heated for 30 minute, at 250»C in a 
bulb tube with vigorous foaming, giving 58.3 g (85 %) of 
1 as a viscous oil. 

'B-NKR (100 MHz, CDClj) : 11.7 (s, 1H, COOH), 7.1-7.5 
(b, 9H, arom. B) 2.3-3.2 (m, 3H, CH and CH,). 0.9 
10 (d, 3H, CH,) . 

2. (±) -2-Methyl-4-phenylindan-l-one (2) 

A solution of 58 g (0.242 mol) of 1 in 60 cm' (0.83 mol) 
of thionyl chloride was stirred at room temperature for 
18 hours. Excess thionyl chloride was removed at 10 mbar, 
15 and the oily residue was freed from adhering residue, of 
thionyl chloride by repeated di..olution in 100 cm' of 
toluene in each case and stripping off in vacuo. 

The acid chloride was taken up in 150 cm 1 of toluene and 
added dropwise at 10*C to a suspension of 48 g 
20 (0.363 mol) of A1C1, in 400 cm 1 of toluene. When the 
addition was complete, the mixture wa. refluxed for a 
further 3 houre. The reaction mixture war poured into 
500 g of ice and acidified to pH 1 by mean, of concen- 
trated aqueous HC1. The organic pha.e wa. .eparated off, 
25 the aqueous phase was then extracted three tines with 
100 cm' of Bt,0 in each case. The combined organic phase, 
were washed with saturated aqueous NaHCO, .olution and 
saturated aqueous KaCl solution and then dried (MgS0 4 ), 
giving 50.4 g (93%) of 2, which wa. reacted further 
30 without further purification. 

•H-NMR (100 KHz , CDC1,)j 7.2-7.8 (m, 8H, arom. d) , 3.3 
(dd, 1H, fl-H), 2.5-2.9 (m, 2H, a- and f-B) , 1.3 
(d, 3H, CB.l. 
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3. 2-Me toy 1-7 -pheny lindane (3) 

50 g (0.226 mmol) of 2 were dissolved in 450 cat 1 of 
THF/MeOH (2:1), and 12.8 g (0.34 mol) of sodium boro- 
hydride were added in portions at 0*C with stirring. The 
reaction mixture was stirred for a further 18 hours and 
poured into ice, concentrated HC1 was added to pH 1 and 
the mixture was extracted a nuaber of times with Et 3 0. 
The combined organic phases were washed with saturated 
aqueous NaHCO, solution and HaCl solution and then dried 
(MgSOj. The solvent was removed in vacuo, and the crude 
product, without further purification, was taken up in 
1 dm 1 of toluene, 2 g of p-toluene sulfonic acid were 
added, and the mixture was refluxed for 2 hours. The 
reaction mixture was washed with 200 cm 1 of saturated 
aqueous NaHCO, solution, and the solvent was r amoved in 
vacuo. The crude product was purified by filtration 
through 500 g of silica gel (hexane/CH a Cl,) , giving 42 g 
(90 %) of 3 as a colorless oil. 

X H-NMR (100 MHz , CDC1,) : 7.0-7.6 (m, 0B, arom. H) , 6.5 (m, 
1H, H-C(3)), 3.4 (s, 2H, CB,) , 2.1 (s, 3H, CH,) . 

4. Dimethylbis(2-methyl-4-phenylindenyl)silane (4) 

29 cm 3 (73 mmol) of a 2.5 M solution of butyl lithium in 
hexane were added at room temperature under argon to a 
solution of 15 g (72.7 mmol) of 3 in 200 cm 1 of B a 0- and 
Oj-free toluene and 10 cm 1 of B,D- and 0,-free TBF and 
heated at 80 # C for 1 hour. The batch was subsequently 
cooled to 0*C, and 4*7 g (36.4 mmol) of 
dimethyldichlorosilane were added. The mixture was heated 
at 80 *C for 1 hour and subsequently poured into 
100 cm 1 of B a O. The mixture was extracted a number of 
times with Et,0, and the combined organic phases were 
dried (MgSOJ . The crude product remaining after the 
solvent had been stripped off was chromatographed on 
300 g of silica gel (hexane/CH 2 Cl 2 ) , giving 12.0 g (70 %) 
of 4. 
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»H-HMR(100 MHz , CDC1,) : 7 . 10-7 .70 (m, 16H, arom. H).6.80 
(m, 2H, H-C(3)). 3.80 (s, 2H, H-C(l)), 2.20 (m. 6H, CH,) 
-0.20 (m, 6H r CH,Si). 

5. rac-DimethylsilylbiB(2-methyl-4-phenyl- 
5 indenyl ) zirconium dichloride (5) 

10.6 cm' (26 mmol) of a 2.5 M solution of butyllithium in 
bexane were added at room temperature under argon to a 

solution of 6.0 g ("-S of 4 in 100 °* ° £ H, °" 

0,-free toluene, and the mixture wa. refluxed for 
10 3 hours. The suspension of the dilithio salt was subse- 
qu3ntly cooled to -25»C, and 3.2 g (13.6 mmol) of 
zirconium tetrachloride were added. The batch was warmed 
to room te^«rature over the course of 1 hour, stirred 
for a further hour and then filtered through a G3 frit. 
15 The residue was extracted with 50 cm 1 of toluene, and the 
combined filtrates were freed from solvent under an 
oil-pump vacuum, giving 9.0 g of the metallocene in the 
form of a yellow powder as a mixture of the racemic and 
meso forms in the ratio 1:1. Pure racemate (5) was 
20 isolated by stirring the crude mixture a number of times 
with 20 cm' of methylene chlorine in each case, the 
racemate remaining as a yellow crystal powder and the 
meso form being washed out. 2.74 g (33 %1 of the pure 
racemate were obtained. 

25 'H-HMR (300 MHz, C0C1,) i 7.0-7.7 (m, 16B, arom. H), 6.9 
(s, 2H, H-C(3)), 2.2 (s, 6H, CH,), 1.3 (m, 6H, CH.Si) . 
Molecular weight i 626 M*, correct decomposition pattern. 



Example B 

rac-Methylphenylsilanediylbis-(2-methyl-4-phenyl- 
30 indenyl) zirconium dichloride (7) 

1. Mathylphenylbis-(2-methyl-4-phenylindenyl)silane (6) 

21 ml (52 mmol) of a 2.5 M solution of butyllithium in 
hexane wore added at room temperature under argon to a 
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•olution of 10.3 g (50 mmol) of 3 in 90 ml of H a O- and 
0 2 -free toluene and 10 ml of H a O- and O a -free THP. The 
mixture was heated at 80 # C for 1 hour and subsequently 
cooled to 0°C. 4.8 g (25 mmol) of methylphenyldichloro- 

5 silane were added, and stirring was continued overnight 
at room temperature. The precipitated LiCl was separated 
off by filtration, and the crude product remaining after 
the solvent had been stripped off in vacuo was chromato- 
graphed on 300 g of silica gel (hexane/CH a Cl 3 9:1), giving 

10 4.6 g (35 %) of 6. 

l H-NMR (100 MHz , CDC1 3 ): 7.0-7.8 (m, 16H, arom. H) , 6.9 
(m, 2H f H-C(3)), 3.9 (m, 2H, H-C(l)), 2.3 (m, 6H, Cfl,) , 
-0.1 (s, 3H, CHjSi). 

2. rac-Methylphenylsilanediylbis(2-methyl-4-phenyl- 
15 indenyl) zirconium dichloride (7) 

3.6 ml (8.9 mmol) of a 2.5 M solution of butyllithium in 
hexane were added t room temperature under argon to 
2.3 g (4.4 mmol) of 6 in 25 ml of H 2 0- and O a -free 
toluene, and the mixture was heated at 80 *C for 3 hours. 
20 The suspension of the dilithio salt was subsequently 
cooled to -30 # C, and 1.1 g (4.5 mmol) of zirconium 
tetrachloride were added. The mixture was warmed to room 
temperature over the course of 1 hour and stirred for a 
further 1 hour. After filtration through a G3 frit, the 
25 solvent was removed from the filtrate, and the residue 
was crystallized from 10 ml of methylene chloride, giving 
0.2 g of the racemic form of 7 as orange crystals. 

1 H-NMR (100 MHz, CDC1,) : 7.0-8.2 (m, 21H, arom. H) , 6.9 
(m, 2H, H-C(3)), 2.4 (s, 3H, CH a ), 2.0 (s, 3H, CH,) , 1.3 
30 (s, 3H, CH,Si). Mass spectrum: 690 M*, correct decom- 
position pattern. 
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Example C 

rac-Oimethylsilandiylbis(4-phenylindenyl) zirconium 
dichloride (12) 

1. 3- (2-phenylphenyl) propionic acid (8) 

5 93 cm 1 (0.61 mmol) of diethyl malonate dissolved in 50 cm 1 
of H,0-f ree EtOH were added dropwise at room temperature 
to 14 g (0.61 mmol) of sodium in 400 cm' of H,0-free EtOH. 
150 q (0.61 mmol) of 2-phenylbenzyl bromide in 200 cm 1 of 
Hj 0-free EtOH were subsequently added dropwiae, and the 
10 mixture was refluxed for 3 hours. 102 g (1.83 mol) of KOH 
dissolved in 150 cm 1 of H,0 were added at room tempera- 
ture, and the mixture was refluxed for a further 4 hours. 
The solvent was removed in vacuo, H,0 was added to the 
residue until the latter dissolved completely, and the 
15 mixture was acidified to pH 1 by means of concentrated 
aqueous HC1. The precipitate which formed was filtered 
off with suction, dried and heated at 130»C for 1 hour, 
giving 112 g (81 %) of 8 as a viscous oil. 

'H-NMR (100 MBz, CDC1.) « 9.1 (■» 1H, COOH) , 6.9-7.5 
20 (m, 9H, arom. B) , 2.3-3.0 (m, 4H, 2CH,). 



2. 4-Phenyl-l-indanone (9) 

A solution of 102 g (0.45 mol) of 8 in 37 cm 1 (0.5 mol) 
of thionyl chloride was stirred at room temperature for 
18 hours. Excess thionyl chloride was removed at 10 mbar, 
25 and the oily residue was freed from adhering residues of 
thionyl chloride by repeated dissolution in 100 cm' of 
toluene in each case and stripping off the toluene in 
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vacuo. 



The acid chloride was taicen up in 200 cm» of toluene and 
added dropwise at 10»C to a suspension of 72 g (0.54 mol) 
of A1C1, in 1000 cm 1 of toluene. The reaotion mixture was 
heated at 80«C for 1 hour, poured into 1000 g f ice and 
acidified to pa 1 by means of concentrated aqueous HC1. 
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The organic phase was separated off, and the aqueous 
phase was then extracted 3 time, with 200 erf of Bt,0 xn 
each case. The combined organic phase, were washed with 
saturated aqueou* NaBCO, solution and saturated aqueous 
5 Had solution and subsequently dried (MgS0 4 ) , giving 96 g 
(96 %) of 9, which was reacted further without further 
purification. 

'H-NKA (100 MHz , CDC1,): 5.9-7.5 (m, 8H, area. B) , 2.5-3.4 
(m, 4B, 2CH,) . 

10 3. 7-Phenylindene (10) 

23 g (0.62 mol) of NaBB, were added in portion, at O'C to 
e solution of 86 g (0.41 mol) of 9 in 300 cm' of 
TBF/methanol 2,1. The reaction mixture we. stirred at 
room temperature for 18 hours and poured into .00 g of 
15 ice, concentrated aqueous HC1 was added to pH 1, and the 
mixture was extracted a number of time, with Et,0. The 
combined organic phase, were washed with saturated 
equeou. NaHCO, solution and saturated aqueous NaCl solu- 
tion, dried (Mg80 4 ) and freed from solvent in vacuo. 

20 The crude product was taken up in 1000 cm' of toluene, 
4.5 g of p-toluenesulfonic acid were addud, the reaction 
mixture was ref luxed for 2 hour, on a water separator and 
washed three time, with 250 cm' of saturated aqueou. 
NaHCO, solution, and the solvent was removed in vacuo. 
25 Distillation at 0.1 mbar gave, at 96-108«C, 33 g (41 %) 
of 10 as a colorless oil. 

'H-NMR (100 MHz , CDC1.) « 7.1-7.7 (a, 8H, arom. B) , 6.9 and 
6.5 (2a, 2B, CH) , 3.5 (a, 2B, CB,) . 

4. Dlmethylbia(«-phsnylindanyl)silene (11) 

30 18.7 cm' (50 mmol) of a 20 % strength solution of butyl- 
lithium in toluene w re added at room temperature t a 
solution of 10 g (50 «aol) of 10 in 100 cc' of B,0- and 
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0 3 -free toluene and 5 ml of H,0- and 0,-free THP, and the 
mixture was heated at 80«C for 2 hour.. The yellow 
suspe—ion was subsequently cooled to 0»C, and 3.2 g 
(25 mmol) of dimethyldichlorosilane were added. The 
reaction mixture was heated at SON: for a further 1 hour 
and subsequently washed with 50 cm 1 of H,0. The solvent 
was removed in vacuo, and the residue was recrystallixed 
from heptane at -20«C, giving 6.7 g (62 %) of 11 as 
colorless crystals (m.p. 109-110«C). 

'H-NMR (100 MHz, CDC1,, , 7.0-7.7 (a, 18H, arom. H and 
H-C(3)), 6.8 (dd, 2H, H-C(2)), 3.8 (m, 2H, H-C(l)), -0.2, 
(s, 5H, CH,Si). 



15 
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5 . rac-Dimethylsilanediylbis ( 4 -phenylindenyl ) zirconium 
dichloride (12) 

12 cm 1 (32 mmol) of a 20 % strength solution of butyl- 
lithium in toluene were added at room temperature under 
argon to a solution of 6.6 g (16 mmol) of 11 in 70 cm* of 
H,0- and 0,-free Et,0, and the mixture was subsequently 
refluxed for 3 hours. The solvent was removed in vacuo, 
the residue was filtered through a G3 Bchl.nk frit with 
50 ml of H,0- and 0,-free hexane, wached with 50 ml of 
H,0- and 0,-free hexane and dried (0.1 mbar, RT). 

The dilithio salt was added at -78'C to a suspension of 
3.6 g (16 mmol) of ziroonium tetrachloride in 80 cm 1 of 
methylene chloride, and the mixture was warmed to room 
temperature over the course of 18 hours with magnetic 
stirring. The batch was filtered through a 03 frit, and 
the residue was then extracted in portica. with a total 
of 200 cm' of methylene ohloride. The combined filtrate* 
were freed from solvent in vacuo and reorystallized from 
methylene chloride/ hexane (in,. 5.6 g of the raoemic and 
me.o form, in the ratio 1,1 were obtained. Further 
"crystallization from methylene chl ride gave the 
racemio complex in the form f yallow crystals. 
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>H-HMR (100 MHz, CDC1,) : 7.0-7.8 (a, 22 H, aro*. H and 
H-C(3)), 6.1 (d, 2H, H-C<2)), 1.1 (s, 6H, CH 3 Si) . Mass 
spectrum: 598 M\ correct decomposition pattern. 

Example 0 

rac-Dimethylsilanediylbis(2-ethyl-4-phenyl- 
indenyi) zirconium dichloride (17) 

1. <±)-2-(2-phenylbenzyl) butyric acid (13) 

188 g (1 mol) of diethyl ethylmalonate dissolved in 
100 cm 1 of H 2 0-free EtOH are added dropwise at room 
temperature to 23 g (1 mol) of ■odium in 400 cm 1 of 
H a O-free EtOH. 247 g (1 mol) of 2-phenylbenzyl bromide in 
300 cm 3 of H 3 0-free EtOH were subsequently added dropwise, 
and the mixture was refluxed for 3 hours. 170 g (3 mol) 
of KOH dissolved in 300 cm 1 of H,0 were added at room 
temperature, and the mixture was refluxed for a further 
4 hours. The solvent was removed in vacuo, H,0 was added 
to the residue until the latter had dissolved completely, 
and the mixture was subsequently aoidiiied to pH 1 by 
means of concentrated aqueous HC1. The precipitate which 
formed was filtered off with suction, dried and heated at 
130 # C for 1 hour, giving 236 g (93 %) of 13 as a viscous 
oil. 

l H-NMR (100 MHz, CDC1,) i 10.3 (s, 1H, COOH) , 7.0-7.3 
(m, 9H, arom. H), 2.5-3.0 (m, 3H, CH and CH,), 1.5-1.9 
(m, 2H, CH,) , 0.9 (t, 3H, CH,). 

2. (x)-2-Bthyl-4-phenyl-l-indanone (14) 

A solution of 236 g (0.93 mol) of 13 in 81 cm 1 (1.2 mol) 
of thionyl chloride was stirred at room temperature for 
18 hours. Excess thionyl chloride was removed at 10 mbar 
and the oily residue was freed from adhering residu s of 
thionyl chloride by repeated dissoluti n in 200 cm 1 of 
toluene in each case and ctripping ff in vacuo. 
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The acid chloride was taken up in 400 en 1 of toluene and 
added dropwiae at 10 °C to a suspension of 133 g (1.0 mol) 
of A1C1, in 2000 cm 1 of toluene. The reaction mixture was 
heated at 80°C for 1 hour, poured into 2C00 g of ice and 
5 acidified to pH 1 by means of concentrated aqueous BC1. 
The organic phase was separated off, and the aqueous 
phase was then extracted three times with 200 cm* of 2t,0 
in each case* The combined organic phases were washed 
with saturated aqueous NaHCO, solution and saturated 
10 aqueous NaCl solution and subsequently dried (MgS0 4 ), 
giving 187 g (85 %) of 14 , which was reacted further 
without further purification. 

a H-NMR (100 MHz, CDCl,): 7.0-7.8 (m, 8H, arom. H), 3.1-3.4 
(m, 1H, H-C(3)), 2.5-2.9 (m, 2H,H-C(2)) and H-C(3)), 
15 1.3-2.0 (m, 2H, CH,) , 0,9 (t, 3H, CH,) . 

3. 2-Ethyl-7-phenylindene (15) 

8 g (0.21 mol) of NaBH 4 were added in portions at 0*C to 
a solution of 50 g (0.21 mol) oft 14 in 600 cm 1 of 
THF/methanol 2;1, the reaction mixture was stirred at 
20 room temperature for 18 hours and poured into 600 g of 
ice, concentrated aqueous HC1 was added to pH 1, and the 
mixture was extracted a number of times with Et,0. The 
combined organic phases were washed with saturated 
aqueous NaHCO, solution and saturated aqueous NaCl 
25 solution and subsequently dried (MgS0 4 ) . 

The crude product was taken up in 1000 cm 1 of toluene, 
4.5 g of p-toluenesulfonic acid were added, the reaction 
mixture was ref luxed for 2 hours on a water separator and 
washed 3 times with 250 cm J of saturated aqueous KaBCO, 
30 solution, and the solvent was removed in vacuo* Distilla- 
tion at 0.1 mbar gave, at 13S*C, 33 q (72 t) of 15 as a 
colorless oil. 

'H-HMR (100 MHz, CDCl,) i 7.0-7.5 (n, 8H, arom. fi) 6.5 
(m, 1H, CH), 3.2 (a, 2H, CH,) , 2.5 (dq f 2H, CE,), 1.1 
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(t, 3E, CH,). 

3. Dimethylbis(2-ethyl-4-phenylindenyl)silane (16) 

29 cm 1 (77 mmol) of a 20 % strength solution of butyl- 
lithium in toluene were added at room temperature to a 
5 solution of 17 g (77 mmol) of 15 in 160 cm* of H,0- and 
0,-free toluene and 8 ml of H,0- and 0,-free THF, and the 
mixture was heated at 80 # C for 2 hours. The yellow 
suspension was subsequently cooled to 0 # C, and 5 g 
(38 mmol) of dimethylchlorosilane were added. The reac- 
10 tion mixture was heated at 80 # C for a further 1 hour and 
subsequently washed with 100 cm J of H,0. The solvent was 
removed in vacuo, and the residue was purified by chroma- 
tography on 200 g of silica gel ( he xane/ methylene 
chloride 9:1), giving 9 g (47 %) of 16 as a viscous oil. 

15 l H-NMR (100 MHz , CDC1,) i 6.97 - 7.4 (m, 16H, arom. H ) , 6.5 
(m, 2H, H-C(3)), 3.7 (m, 2H, B-C(l)), 2.4 (m, 4H, CH,), 
1.1 (t, 6H, CH,), -0.1, (s, 6H, CH,8i). 

5. rac-Dimethylsilanediylbi*(2-ethyl-4-phenyl- 
indenyl) zirconium dichloride (17) 

20 8.4 ca 1 of 20 % strength solution of butyllithium in 
toluene were added at room temperature under argon to a 
solution of 5.6 g (11 mmol) of 16 in 50 cm' of H,0- and 
0,-free Zt,0, and the mixturs was subsequently refluxed 
for 3 hours. The solvent was removed in vacuo, and the 
25 residue was filtered through a G3 Schlenk frit with 50 ml 
of H t O- and 0,-free hexane, then washed with 50 ml of H,0- 
and 0,-free hexane and dried (0.1 mbar, RT) . 

The dilithio salt was added at -78*C to a suspension of 
2.5 g (11 cmol) of zirconium tetrachloride in 50 cm 1 of 
30 nethylene chloride, and the mixture was warmed to room 
temperature over th course f 18 hours with magnetic 
stirring. The batch was filtered through a 03 frit, and 
the residue was then extracted in porti ne with a total 
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of 100 cm 1 of methylene chloride. The combined filtrates 
were freed from solvent in vacuo and recrystallized from 
toluene/hexane (1:1). 2 g (27 %) of the racemic and meso 
forms in the ratio 1:1 were obtained. Further recrystal- 
5 lization from toluene gave the racemic complex 17 in the 
form of yellow crystals. 

'H-NMR (100 MHz, CDC1,) : 6.8-7.7 (m, 16H, arom. H), 6.6 
(m, 2H, H-C(3)), 2.3-3.9 (m, 4H, CH,) 1.0-1.4 (m, 12H, CH, 
and CH.Si) . Mass spectrum: 654 IT, corrsct decomposition 
10 pattern. 

Example E 

rac-Dimethylsilanediylbia(2-methyl-4-(l-naph- 
thyl)indonyl)2irconium dichloride (24) 

1. 2- (l-Naphthyl) toluene (18) 

15 13.9 g (0.57 moi) of magnesium turnings were covered by 
150 ml of H,0-free Et,0, and the Grignard reaction was 
initiated by means of 5 g of 2-bromotoluen. and a few 
grains of iodine. 93 g (0.57 mol) of 1-bromotoluene in 
450 ml of H,0-free Et,0 were subsequently added dropwise 

20 at such a rate that the reaction mixture was kept at the 
boil. When the addition was complete, boiling was con- 
tinued until the magnesium had reactsd fully. 

The Grignard solution was subsequently added dropwise to 
a solution of 118 g (0.57 mol) of 1-bromonaphthalene and 
25 3.5 g of bis (triphenylphosphine) nickel dichloride in 
800 cm' of toluene at such a rate that the internal 
temperature did not exceed 50«C. The mixture was subss- 
quently refluxed for a further 3 hours, 500 al of 10 % 
strength equebue HC1 were sdded, ths phases were separat- 
30 ed, tnd the organic phase was freed from solvent in 
vacuo. Filtration through silica gel (hexane) gave 115 g 
(92 t) of 18 as a colorless oil. 



'B-HKR (100 MHX, CDC1,)I 7.2-8.0 (B, 11B, arom. H) , 2.0 
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(a, 3H, CH,) . 

2. 2-(l-Naphthyljbenzyl bromide (19) 

114 g (0.52 mol) of 18 and 103 g (0,58 mol) of N-bromo- 
auccinimide were dissolved in 2000 cm 1 of tetrachloro- 
methane at room temperature, 3 g of azobisisobutyro- 
nitrile were added, and the mixture was refluxed for 
4 hours. The succinimide which precipitated was filtered 
off, the solvent was removed in vacuo, and the residue 
was purified by filtration through 1000 g of silica gel 
(hexane/methylene chloride 9:1), giving 141 g (82 %) of 
19 as a colorless lachrymatory oil. 

l H-NMR (100 MHz, CDC1,) : 7.1-8.0 (m, 11H, arom. H), 4.2 
(q, 2H, CH 3 Br) • 

3. ( ±)-2-( 2- (1-naphthyl ) benzyl) propionic acid (20) 

75 g (0.43 mmol) of diethyl methylmalonate dissolved in 
50 cm 1 of H,0-free EtOH were added dropwise at room 
temperature to 10 g (0.43 mmol) of sodium in 100 cm a of 
H,0-free EtOH. 140 g (0.43 mmol) of 2-phenylbenzyl 
bromide in 200 cm 1 of H,0-free EtOH were subsequently 
added dropwise, and the mixture was refluxed for 3 hours. 
85 g (1.3 mol) of KOH dissolved in 100 cm 1 of H 3 0 were 
added at room temperature, and the mixture was refluxed 
for a further 4 hours. The solvent was removed in vacuo, 
H,0 was added to the residue until the latter had dis- 
solved completely, and the mixture was acidified to pH 1 
by means of concentrated aqueous HC1. The precipitate 
which had formed was filtered off with suction, dried and 
heated at 130 # C for 1 hour, giving 96 g (77 %) of 20 as 
a viscous oil. 

'H-NMR (100 MHz, CDC1,) i 10.1 (a, IB, COOH), 6.9-8.0 
(in, 118, arom. H) 2.3-3.0 (a, 3H, CH, and CH) , 
0.8 (d, 3H, CH,) . 
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4. (±)-2-Methyl-4-(l-naphthyl)-l-indanone (21) 

A solution of 96 g (0.33 mol) of 20 in 37 cm 1 (0*5 mol) 
of thionyl chloride was stirred at room temperature for 
18 hours. Excess thionyl chloride was removed at 10 mbar, 
and the oily residue was freed from adhering residues of 
thionyl chloride by repeated dissolution in 100 cm 3 
toluene in each case and stripping off in vacuo. 

The acid chloride was taken up in 200 cm 1 of toluene and 
added dropwise at 10*C to a suspension of 44 g (0.33 mol) 
of A1C1, in 1000 cm 1 of toluene, and the reaction mixture 
was heated at 80*C for 3 hours, poured into 1000 g of ice 
and acidified to pH 1 by means of concentrated aqueous 
HC1. The organic phase was separated off, and the aqueous 
phase was then extracted three times with 200 cm 3 of 
15 methylene chloride in each case. The combined organic 
phases were washed with saturated aqueous NaCl, solution 
and saturated aqueous KaCl solution and subsequently 
dried (MgS0 4 ). Chromatography on 1000 g of silica gel 
(hexane/methylene chloride) gave 12 g (13 %) of 21. 

20 'H-NMR (100 MHz, CDC1,) ? 7.3*8.0 (m, 10H, arom. H) , 
2.2*3.2 (m, 3B, CB, and CH) , 1.2 (d, 3B, CH,). 

5. 2-Methyl-7-(l-naphthyl)indene (22) 

1.3 q (33 mmol) of HaflH 4 war* added at 0*C to a solution 
of 12 g (44 mmol) of 21 in 100 cm 3 of THF/msthanol 2s 1, 

25 the reaction mixture was stirred at room temperature for 
18 hours and poured into 100 g of ice, concentrated 
aqueous HC1 was added to pB 1, and the mixture was 
extracted a number of times with Et,0. The combined 
organic phases were washed with saturated aqueous NaHCO, 

30 solution and saturated aqueous NaCl solution and subse- 
quently dried (MgSOJ. 

The crude product was taken up in 200 cm 1 of tolu ne, 
0.5 g of p-toluene sulfonia acid was added, the reaction 
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mixture was ref luxed for 2 hours on a water separator and 
washed 3 times with 50 cm 1 of saturated aqueous NaHCO, 
solution , and the solvent was removed in vacuo. Filtra- 
tion through 200 g of silica gel (hexane /methylene 
5 chloride) gave 10 g {36 %) of 22 as a colorless oil. 

*B-NMR (100 MHz, CDCl,): 7.0 - 8.0 (m, 10H, arom. H) , 6.6 
(m, lH f CH), 3.0 (m, 2H, CH 2 ), 2.0 (m, 3H, CH,) . 

6 . Dimethylbis ( 2 -methy 1-4 - ( 1-naphthyl ) indenyl ) silane 
(23) 

10 14.4 cm 3 (50 mmol) of a 20 % strength solution of butyl- 
lithium in toluene were added at room temperature to a 
solution of 10 g (38 mmol) of 22 in 100 cm 1 of H 2 0- and 
0,-free toluene and 5 ml of H,0- and O a -free THF, and the 
mixture was heated at 80 # C for 2 hours. The yellow 
15 suspension was subsequently cooled to 0 # C, and 2.5 g 
(19 mmol) of dimethyldichloro silane were added. The 
reaction mixture was heated at 80 # C for a further 1 hour 
and subsequently washed with 50 cm 1 of B,0. The solvent 
was removed in vacuo, and the residue was recrystallized 
20 from heptane at -20 # C, giving 8.2 g (75 %) of 23 as 
colorless crystals. 

^-NMR (100 MHz, CDCl,) i 7.2-8.1 (m, 20H, arom. H) , 6.4 
(m, 2H, H-C(3)), 4.0 (m, 2H, H-C (1)), -0.1, 
(s, 6B, CB,Si). 

25 7. rac-Dimethyl*ilanediylbis(2-aethyl- 
4- (1-naphthyl) indenyl) zirconium dichloride (24) 

10.5 cm 1 of a 20 % strength solution of butyllithium in 
toluene were added at r om temperature under argon to a 
solution of 8.0 g (14 mmol) of 23 in 70 cm 1 of H,0- and 
30 0,-free Et,0, and the mixture was subsequently refluxed 
for 3 hours. The solvent was removed in vacuo, and the 
residue was filtered through a G3 Sohlenk frit with 50 ml 
of B,0- end 0,-free hexane, then washed with 50 ml of fl,0- 
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and Oj-free hexane and dried (0.1 mbar, RT) • 

The dilithio salt was added at -78 # C to a suspension of 
3.2 g (14 mmol) of zirconium tetrachloride in 80 cm 1 of 
methylene chloride, and the mixture was warmed to rooni 
5 temperature over the course of 18 hours with magnetic 
stirring. The batch was filtered through a G3 frit, and 
the residue was then extracted in portions with a total 
of 400 cm 1 of methylene chloride. The combined filtrates 
were freed from solvent in vacuo and recrystallized from 
10 methylene chloride. 1.5 g (15 %) of the racemic and meso 
forms in the ratio 1:1 were obtained. Further recrystal- 
lization from methylene chloride gave the racemic complex 
in the form of yellow crystals. 

1 H-NMR (100 MHz , CDC1,) : 7.0-8.0 (m, 22H r axon. H) , 6.5 
15 (s, 2H, H-C(3)), 2.2 (a, 6H, CH,) , 1.3 (s, 6H, CH,Si) . 
Mass spectrum: 729 *T, correct decomposition pattern. 

Example F 

rac-Dimethylsilanediy Ibis (2-me thy 1-4 - ( 2-naph- 
thyl) indenyl) zirconium dichloride (31) 

20 1. 2- (2-Naphthyl) toluene (25) 

14 g (0.57 mol) of magnesium turnings were covered by 
150 ml of H 3 0-free Et,0, and the Grignard reaction was 
initiated by means of = g of 2-bromotoluene and a few 
grains of iodine. 95 g (0.58 mol) of 1-broaotoluene in 
25 450 ml of B a O-free Et,0 were subsequently added dropwiae 
at such a rate that the reaction mixture was kept at the 
boil. When the addition was complete, boiling was con- 
tinued until the magnesium had reacted fully. 

The Grign/ird solution was subsequently added dropwise to 
30 a solution of 120 g (0.57 mol) of 2-broaonaphthalene and 
3.5 g of bis (triphenylphosphine) nickel dichloride in 
600 cm 1 of toluene at euch a rate that the internal 
temperature did not exceed 50*C. The mixture was 



t 
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subsequently refluxed for a further 3 hours, 500 ml of 
10 % strength aqueous HC1 were added, the phases were 
separated, and the organic phase vas freed from solvents 
in vacuo. Filtration through silica gel (hexane) gave 
107 g (87 %} of 25 as a colorless oil. 

J H-NMR (100 MHz, CDC1 3 ): 7.0-7.9 (m, 11H, arom. H), 1.9 
(s, 3H, CH,). 



2. 2- (2-Naphthyl) benzyl bromide (26) 
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105 g (0.48 mol) of 25 and 90 g (0.5 mol) of N-bromo- 
succinimide were dissolved in 2000 cm 1 of tetrachloro- 
methane at room temperature, 3 g of azobisisobutyro- 
nitrile were added, and the mixture vas refluxed for 
4 hours. The succinimide which precipitated was filtered 
off, the solvent was removed in vacuo, and the residue 
was purified by filtration through 1000 g of silica gel 
(hexane /methylene chloride 9:1), giving 112 g (79 %) of 
26 as a colorless lachrymatory oil. 

l H-NMR (100 MBz, CDCl,) : 6.9-8.0 (m f 11H, arom. H), 4.1 
(s, 2H, CB 2 Br) • 

3. (±)-2-(2-(2-naphthyl) benzyl) propionic acid (27) 

70 g (0.37 mmol) of diethyl methylmalonate dissolved in 
50 cm 1 of H 3 0-free EtOH were added dropwise at room 
temperature to 8.5 g (0.37 mmol) of sodium in 100 cm* of 
HjO-free EtOH. 110 g (0.37 mmol) of 26 in 200 cm> of 
H,0-free EtOH were subsequently added dropwise, and the 
mixture was refluxed for 3 hours. 62 g (1.1 mol) of KOH 
dissolved in 100 cm 1 of H,0 were added at room tempera- 
ture, and the mixture was refluxed for a further 4 hours. 
The solvent vas removed in vacuo, H,0 vas added to the 
residue until the latter had dissolved completely, and 
the mixture was acidified to pH 1 by means of concen- 
trated aqueous HC1. The precipitate which had formed was 
filtered off with suction, dried and heated at 130 # C for 
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1 hour, giving 90 g (84 %) of 27 as a viscous oil. 

1 H-NMR (100 MHz , CDCl,): 10.9 (s, 1H, COOH) , 7.0-8.1 
(m, 11H, arom. H) 2.3-3.0 (m, 3H, CH, and CH) , 
1.0 (d, 3H, CH 3 )- 

5 4. (±)-2-Methyl-4-(2-naphthyl)-l-indanone (28) 

A solution of 89 g (0.31 mol) of 27 in 37 cm 1 (0.5 mol) 
of thionyl chloride was stirred at room temperature for 
18 hours. Excess thionyl chloride was removed at 10 mbar, 
and the oily residue was freed from adhering residues of 
10 thionyl chloride by repeated dissolution in 100 cm 3 of 
toluene in each case and stripping off in vacuo. 

The acid chloride was taken up in 200 cm 1 of toluene and 
added dropwise at 10*C to a suspension of 44 g (0.33 mol) 
of AlCl, in 1000 cm 1 of toluene, and the reaction mixture 

15 was heated at 80°C for 3 hours, poured into 1C00 g of ice 
and acidified to pH 1 by means of concentrated aqueous 
HC1. The organic phase was separated off, and the aqueous 
phase was then extracted three times with 200 cm 1 of 
methylene chloride in each case. The combined organic 

20 phases were washed with saturated aqueous NaBCO, solution 
and saturated aqueous NaCl solution and subsequently 
dried (MgS0 4 ) . Chromatography on 1000 g of silica gel 
(hexane/AeOEt) gave 27 g (33 %) of 28. 

1 H-NMR (100 MHz, CDCl,) s 7.1-8.0 (m, 10H, arom. H) , 
25 2.2-3.3 (m, 3H, CH, and CH) , 1.1 (d, 3H, CH,) . 

5. 2-Methyl-7-2-naphthyl)indone (29) 

3.8 g (100 mmol) of NaBH 4 were added at 0 # C to a solution 
of 27 g (100 mmol) of 28 in 200 cm* of THF/methanol 2 si, 
the reaction mixture was stirred at room temperature for 
30 18 hours and poured into 100 g of ioe, concentrated 
aqueous EC1 was added to pH 1, and the mixture was 
extracted a number of times with Bt,0. The combined 
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organic phases were washed with saturated aqueous NafiCO, 
solution and saturated aqueous MaCl solution and subse- 
quently dried ( MgSO, ) . 

The crude product was taken up in 500 cm 1 of toluene, 

1.5 g of p-toluene sulfonic acid was added, the reaction 
mixture was ref luxed for 2 hours on a water separator and 
washed 3 times with 50 cm 3 of saturated aqueous NaHCO, 
solution , and the solvent was removed in vacuo. Filtra- 
tion through 200 g of silica gel (hexane /methylene 
chloride) gave 18.4 g (72 %) of 29 as a colorless oil. 

l H-NMR (100 MHz , CDC1,) : 7.0-8.0 (m, 10H, arom. H), 

6.6 (m, 1H, CH), 3.0 (m, 2H, CH,), 2.0 (m, 3H, CH,). 

6 . Dimethylbis ( 2-methyl-4- ( 2-naphthyl ) indenyl ) silane 
(30) 

26 cm 1 (70 mmol) of a 20 % strength solution of butyl- 
lithium in toluene were added at room temperature to a 
solution of 18 g (70 mmol) of 29 in 70 cm* of H a 0- and 
0,-free toluene and 4 ml of H,0- and 0,-free THP, and the 
mixture was heated at 80 °C for 2 hours. The yellow 
suspension was subsequently cooled to 0 # C, and 4.5 g 
(35 mmol; of dimethyldichlorosilane were added. The 
reaction mixture was heated at 80 *C for a further 1 hour 
and subsequently washed with 50 cm 3 of H,0. The solvent 
was removed in vacuo , and the residue was recrystallized 
from heptane at -20*C, giving 10.8 g (54 %) of 30 as 
colorless crystals. 

'H-NMR (100 MHz , CDCl 3 )t 7.0-8.1 (n, 20H, arom. H), 6.4 
(m, 2H, B-C(3)), 4.0 (m, 2H, H-C (l)) f -0.1, (s, 6H, 
CB,Si) . 

7. rac-Dimethyl silanediylbis( 2 -methyl- 
4- ( 2-naphthyl Jindonyl) zirconium diohloride (31) 

13.6 cm J of a 20 % strength solution of butyllithiua in 
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toluene were added at room temperature under argon to a 
solution of 10.5 g (18 mmol) of 30 in 70 cm 1 of H,0- and 
0 3 -free Et 2 0, and the mixture was subsequently refluxed 
for 3 hours. The solvent was removed in vacuo, and the 
5 residue was filtered through a G3 Schlenk frit with 50 ml 
of H 2 0- and 0 2 -free hexane, then washed with 50 ml of H a 0- 
and 0,-free hexane and dried (0.1 mbar, RT) . 

The dilithio salt was added at -78 # C to a suspension of 
4.2 g (13 mmol) of zirconium tetrachloride in 80 cm 1 of 
L0 methylene chloride., and the mixture was warmed to room 
temperature over the course of 18 hours with magnetic 
stirring. The batch was filtered through a G3 frit r and 
the residue was then extracted in portions with a total 
of 400 cm 3 of methylene chloride. The combined filtrates 
15 were freed from solvent in vacuo and recrystallized from 
methylene chloride. 3.1 g (23 %) of the racemic and meso 
forms in the ratio 1:1 were obtained. Further recrystal- 
lization from methylene chloride gave the racemic complex 
in the form of yellow crystals. 

20 l H-NMR (100 MHz, CDC1,): 7.0-8.0 (m, 22B, atom. H), 6.9 
(s, 2H, *-C(3)), 2.2 (s, 6H, CH,) , 1.3 (s, 6H, CH,Si) . 
Mass spectrum: 729 K\ correct decomposition pattern. 

Example G 

rac-Ethanediylbis ( 2-methyl-4-pheaylindenyl ) zirconium 
25 dichloride (33) 

1. l,2-Bis(2-methyl-4-phenylindenyl)ethane (32) 

90 cm 1 (0.24 mol) of a 20 % strength solution of butyl- 
lithium in toluene were added at room temperature under 
argon to a solution of 30 g (0.24 mol) of 3 in 500 ml of 
30 TUP. The mixture was stirred at 60 # C for 2 hours, and 
cooled to -7 8*C, 22.5 g (0.12 mol) of dibromoeth&no were 
added , and the mixture was warmed to room temperature 
over the course of 18 hours. The reaction mixture was 
washed with 50 om' of B,0, the solvsnt was removed in 
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vacuo, and the residue was chromatographed on 500 g of 
silica gel (hexane /methylene chloride 9:1) , giving 2.5 g 
(5 %) of 32 as a yellow oil which solidified slowly at 
-20 # C. 

5 l H-NMR (100 MHz, CDCl,) : 7.0-8.1 (m, 20B, arc*. H) , 6.4 
(m, 2H, H-C(3)), 4.0 (m, 2H, H-C (1)), -0.1, 
(s, 6H, CH 3 Si). 

2 . rac-Ethanediylbis ( 2-methyl-4 -phenyl indenyl) zirconium 
dichloride (33) 

10 4 cm* (10 mmol) of a 20 % strength solution of butyl- 
lithium in toluene were added at room temperature under 
argon to a solution of 2.3 g (5 mmol) of 32 in 20 ml of 
H,0- and 0,-free Et,0, and the mixture was refluxed for 
3 hours. The solvent was removed in vacuo, the residue 

15 was filtered through a G3 Schlenk frit with 30 ml of H,0- 
and 0,-free hexane, then washed with 30 ml of B,o- and 
0,-free hexane and dried (0.1 mbar, RT) . 

The dilithio salt was added at -78 # C to a suspension of 
1.2 g (5 mmol) of zirconium tetrachloride in 30 cm 1 of 

20 methylene chloride, and the mixture was warmed to a 
temperature over the course of 18 hours with magnetic 
stirring. The batch was filtered through a G3 frit, and 
the residue was then extracted in portions with a total 
of 100 cm J of methylene chloride. The combined filtrates 

25 were freed from solvent in vacuo and reorystallized from 
methylene chloride/hexane. 0.5 g (18 %) of the racemio 
and meso forms in the ratio ltl was obtained. Further 
reoryatallization from toluene gave the racemic complex 
in the form of yellow crystals. 

30 >H-MMR (100 MHi , CDCl,) I 7.0-7.7 (m, 16B, erom. H), 6.6 
(m, 2H, B-C(3)), 3.4-4.1 (m, 43, IIjC-CB,), 2.1 
(s, 6H, CB,). Mass spectrum t 598 K* # correot decom- 
position pattern. 
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Example H 

Mc 2 Si ( 2-Me-4-Ph-indenyl ) a ZrMe [ BPh 4 ] ( 35 ) 

1. rac-Dimethylsilanediylbis(2-Methyl-4-phenyl- 
indenyljdimethylzirconium (34) 

5 1 cm 3 of a 1*6 M (1.6 mmol) solution of octhyllithium in 
Et 2 0 were added at -30*C to 0.5 g (0.8 mmol) of rac-5 in 
10 cm 1 of H,0- and 0 3 -free Et,0, and the mixture was 
stirred at 0*C for 1 hour. The solvent was subsequently 
removed in vacuo, and the residue was taken up in 20 cm 1 

10 of H,0- and 0,-free hexane and filtered off through a G3 
frit, giving 0.34 g (72 %) of 34. Mass spectrum t 588 H% 
correct decomposition pattern. 

2. Me 1 Si(2-Me-4-Ph-Indenyl) a ZrMe(BPh 4 ] (35) 

0.2 g (0.3 mmol) of 34 were added at 0 # C to 0.25 g (mmol) 
15 of tributylammonium tetraphenylborate in 30 cm 1 of 
toluene. The mixture was warmed to 50«C with stirring and 
stirred at this temperature for 15 minutes. An aliquot 
portion of the solution was used for the polymer it at ion. 



Example 1 

20 A dry 16 dm 3 reactor was first flushed with nitrogen and 
subsequently with propylene and filled with 10 dm* of 
liquid propylene. 30 cm* of a toluene solution of methyl- 
aluminoxane were then added, and the batoh was stirred at 
30*C for 15 minutes. 

25 In parallel, 1.1 mg of rao-5 were dissolved in 20 cm 1 of 
a toluene solution of methyl aluminoxane (27 mmol of Al) 
and reacted by standiug for 15 minutes. The solution was 
then introduced into *he reector and heated to the 
polywerixati n tacp.i-Aturo *>f 50*C (4*C/min) by supply of 

30 heat, and the polyMV..»:ition system was k pt at 50 # C for 
1 hour by cooling. The polymer if ation was terminated by 
addition of 20 on 1 of iaoproptnol. The excess monomer was 
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removed in gas form, and the polymer was dried in vacuo, 
giving 0.9 kg of polypropylene. The reactor exhibited 
thin deposits on the internal wall and stirrer. The 
catalyst activity was 818 kg of PP/g of metallocene x h. 
5 VI - 905 cmVg; m.p. - 159. 4 # C; II - 98.8 %; 
mmmm - 95.4%; M» - 1,100,000 g/mol; M^/M, - 2.5. 

Example 2 

The polymerization of Example 1 was repeated with the 
difference that the catalyst used was 0.9 mg of rac-5 and 
10 the polymerization temperature was 70 # C. 1.4 kg of 
polypropylene were obtained. The reactor exhibited thick 
deposits on the internal wall and stirrer. Catalyst 
activity was 1,555 kg of PP/g of metallocene x h. 
VI - 719 cmVg; m.p. - 157. 7 # C. 

15 Example 3 

22 cm 3 of the suspension of "MAO on SiO," (49 mmol of Al) 
was introduced under argon into a G3 Schlenk frit, and a 
solution of 4.5 mg of rac-5 in 10 cm 1 of toluene 
(7.2 timol of Zr) was added. The reaction mixture was 
20 stirred at room temperature for 30 minutes, with a 
spontaneous color change to red gradually fading. The 
mixture was subsequently filtered, and the solid was 
washed 3 times with 10 cm 1 of hexane. The hexane-moist 
filter residue which remained was resuspended in 20 cm 1 
25 of hexane for the polymerization. 

In parallel, e dry 16 dm 1 reactor was flushed first with 
nitrogen end subtsquently with propylene and filled with 
10 dm 1 of liquid propylene. 3 cm 1 of triieobutyl aluminum 
(pure, 12 mmol) were then diluted with 30 cm* of hexane 
30 and introduced into the reactor and the baton was stirred 
at 30*C for 15 minute • A catalyst suspension was subse- 
quently introduosd into the rsaotor and h ated to th 
polymerisation temperature of 50 # C (4*C/ain), and the 
polymerization syst a was kept at 50*C for 1 hour by 
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cooling. Polymerization was terminated by addition of 
20 cm 3 of iaopropanol. Tha excess monomer was removed in 
gas form, and the polymer was dried in vacuo. 300 g of 
polypropylene powder were obtained. The reactor exhibited 
no deposits on the internal vail or stirrer. The catalyst 
activity was 67 kg of PP/g of metallocene x h. 
VI - 1380 cmVg; m.p. - 156 # C. 

Example 4 

The synthesis of the supported catalyst system from 
Example 3 was repeated with the difference that 13 cm 1 
(29 mmol of Al) of the suspension "MAO on SiO," and 
1.8 mg of rac-5 (2.9 \imol of Zr) were used. 

i 

The polymerization was carried out analogously to Example 
3 at 70°C. 420 g of polypropylene powder were obtained. 
The reactor exhibited no deposits on the internal wall or 
stirrer. The catalyst activity was 233 kg of PP/g of 
metallocene x hi VI ■ 787 cmVg; m.p. - 149. 5 # C. 

Example 5 

The synthesis of the supported catalyst system from 
Example 3 was repeated with the difference that 150 cm 1 
(335 mmol of Al) of the suspension "MAO on SiO," and 
44.2 mg of rac-5 (70.3 ymol of Zr) were used and the 
reaction mixture was stirred at room temperature for 
60 minutes. The solid was subsequently filtered off and 
washed 3 times with 50 cm 1 of hexane. The hexane-moist 
filter residue which remained was dried in vacuo to give 
a free-flowing, pale pink powder. 33.3 g of supported, 
dry catalyst were obtained. 

For the polymerization , 2.98 g of this dry catalyst 
(4 mg - 6.3 i&mol of Zr) were resuspendsd in 20 os s f 
hexane. 

The polymerization was carried out analogously to Example 
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3 at 70-C. 1.05 kg of polypropylene powder were obtained. 
^reUor exited no deposit, on ~ 
stirrer. The catalyst activity wa. 263 kg of PP/g 
M tallocene x h. VI - 944 cm'/gi -P- - »6 C. 

5 Example 6 

* * i s dm' reactor we. flu.hed with and filled at 
r-ovd 100/120-.. to. •<»<•• - 

•tirring rate of 500 rpm. 

tC:Zr. - -Tb, W ~,<1«. -U* «- 

!».t.d by oU =»• •« l»«PO=P«~ l - "* ,b ' P ° llr 

..r ... tUt«.d oti .nd drWd 1» «•«"•• 



30 =«.!»« .oti.lt, v. » *» * »'« 

» „U.o... . b . bit. VI - c'/,l ..P. • »' 



Example 7 

,„ polymerization of Example « wa. repeated with the 
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difference that the polymerization temperature was 60°C. 

35 g of polypropylene were obtained. The reactor 
exhibited deposits on the internal wall and stirrer. The 
catalyst activity (CTY^) was 44 kg of PP/g of 
5 metallocene x h x bar. VI - 484 cmVg; m.p. - 159*C. 

Example 8 

The polymerization from Example 6 was repeated with the 
difference that the polymerization temperature waa 70 # C. 

88 g of polypropylene were obtained. The reactor 
10 exhibited deposits on the internal wall and stirrer. The 
catalyst activity (CTY r#d ) was 110 kg of PP/g of metallo- 
cene x h x bar. VI - 414 cmVg; m.p. - 159 # C. 

Examples 9-12 

The procedure was as in Example 2. However, hydrogen was 
15 metered in beforu the filling with liquid propylene t 

Example DmMs.t.) Metallocene activity VI 

of U, [kg of PP/g of Met x h] (cmVg] 

9 1.5 1640 495 

10 3 1590 212 

20 11 4.5 1720 142 

12 200 1580 17 



Examples 9*12 demonstrate the good hydrogen utilization 
of the matallocene according to the invention. Molecular 
weight regulation into the wax region (see Example 12) is 
25 possible. 

Example 13 

The procedure was ae in Example 3. Bowev r, 0.2 bar of 
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hydrogen was injected into the reactor before addition of 
the catalyst, and the polymerization temperature was 
60 # C. However, ethylene was metered in at a uniform rate 
during the polymerization. In total, 12 g of ethylene 
5 were introduced into the reactor. 0.4 kg of ethylene- 
copolymer were obtained. The metallocene activity was 
88 kg of copolymer/g of metallocene x h. The ethylene 
content of the polymer was 2.4 % by weight, and the 
ethylene was predominantly incorporated as isolated 
10 units. VI - 200 cmVg; melting point 143 # C. 

Example 14 

The procedure was as in Example 13. However, a total of 
34 g of ethylene were metered in during polymerization. 
0.38 kg of ethylene-propylene copolymer containing 7 % by 
15 weight of ethylene was obtained. VI - 120 cm*; melting 
point 121 # C. 

Example 15 

The procedure was as in Example 4. However, 4 g of 
ethylene were metered in during the polymerisation and 
20 0.1 bar of hydrogsn was injeoted before the 
polymerization. 0.52 kg of ethylene-propylene copolymer 
were obtained. The metallocene activity was 286 kg of 
copolymer/g of metallocene x h. The ethylene content of 
the polymer was 6.1 % by weight, and the majority of the 
25 ethylene was incorporated as isolated units. 
VI • 150 cm'/gj melting point 116 9 C. 

Example 16 

A dry 150 dm 1 r actor was flushed with nitrogen and 
filled at 20*C with 60 dm 1 of a benzine out having the 
30 boiling range of 100-120 # C from which the aromatio 
compounds had Leen removed. The gas spaoe was then 
flushed free of nitrogen by injecting 2 bar f propylene 
and reloasing the pressure, and repeating this procedure 
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four times. After 50 1 of liquid propylene had been 
added, 64 cm 1 of a toluene solution of methylaluminoxane 
(corresponding to 100 mmol of Al, molecular weight 
1080 g/mol according to cryoscopic determination) were 
5 added, and the reactor contents were heated to 50 # C. A 
hydrogen content of 2.0 % was established in the gas 
space of the reactor by metering in hydrogen and was 
later kept constant during the 1st polymerization step by 
subsequent metering in. 

10 9.8 mg of rac-7 were dissolved in 32 ml of the toluene 
solution of methylaluminoxane (corresponding to 50 mmol 
of Al) and were introduced into the reactor after 
15 minutes. The polymerization was then carried out in a 
1st polymerization step for 5 hours at 50 *C. The gaseous 

15 components were then removed at a reactor pressure of 
3 bar r and 2000 g of ethylene gas were fed in. The 
reactor pressure increased to 8 bar during thie opera- 
tion, and the polymerization was continued for a further 
14 hours at 40 # C before the reaction was terminated by 

20 means of CO, gas. 

18.6 kg of block copolymer were obtained, corresponding 
to a metallocene activity of 59.9 kg of copolymer/g of 
metallocene x h. VI - 230 crnVg; MPI (230/5) - 11 dg/min, 
Myi (230/2.16) - 3.7 dg/min| melting point of the polymer 
25 in the let polarization ct«pt 159 # C, glass transition 
temperature of the polymer in the 2nd polymerisation 
stepi -38 # C. The block copolymer oontained 5 % of 
ethylene. Fractionation of the product gave the following 
composition i 69 * by weight of hoaopolymer, 31 % by 
30 weight of copolymer, the copolymer having en ethylene 
content of 15 t by weight, and the mean C, block length 
was 2.2. 

Example 16a 

The procedure wee es in Example 16. 
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3 mg of rac-24 were dissolved in 32 ml of the toluene 
solution of methylaJ.uminoxane (corresponding to 50 mmol 
of. hi) and were introduced into the reactor after 
IS minutes. The polymerization was then carried out in a 
5 1st polymerization step for 2.5 hours at 50 # C. The 
gaseous components were then removed at a reactor pres- 
sure of 3 bar, and 3000 g of ethylene gas were fed in. 
The reactor pressure increased to 8 bar during this 
operation, and the polymerization was continued for a 
10 further 8 hours at 40 # C before the reaction was 
terminated by means of CO, gaa. 

16.5 kg of block copolymer were obtained, corresponding 
to a metallocene activity of 524 kg of copolymer/g of 
metallccene x h. VI - 480 cmVg; MFI (230/5) - 2 dg/min, 
15 melting point of the polymer in the 1st polymerization 
step i 162°C, glass transition temperature of the polymer 
in the 2nd polymerization steps -54 # C. The block 
copolymer contained 15 % of ethylene. 

Example 17 

20 The procedure was as in Example 1, but 12*5 mg of metall- 
ocene rac-7 were used. 1.5 kg of polypropylene were 
obtained; the me\ llocene activity was 120 kg of PP/g of 
metallocene x h. VI ■ 1050 cmVg; melting point 159 # C. 

Exairple 18 

25 The procedure was as in Example 2, but 4.1 mg of metall- 
ocene rac-7 wero used. 1.3 kg of polypropylene were 
obtained? the metallocene activity was 317 kg of PP/g of 
metallocene x h. VI - 555 cmVgj melting point 157 # C. 

Comparative Example A 

30 The procedure was as in Example 1, but 12.5 mg of 
rac-phenyl (methyl) silanediylbio(2-m«thyl-l-indenyl) zir- 
conium diohloride wore used. 1.35 kg of polypropylene 
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were obtained; the metallocene activity was 108 kg of 
PP/g of metallocene x h. VT - 1050 cmVglj melting point 
149°C. 

Comparative Example B 

5 The procedure was as in Example 1, but 12.5 mg of 
rac-phenyl ( methyl ) silanediylbis ( 1 -indenyl } zirconium 
dichloride were used. 0.28 kg of polypropylene were 
obtained; the metallocene activity was 22.4 kg of PP/g of 
metallocene x h. VI - 74 oa'/gll molting point 141 # C. 

10 Example 19 

The procedure was as in Example 1, but 3.3 mg of 24 were 
used. 0.78 kg of polypropylene were obtained; metallocene 
activity was 237 kg of PP/g of metallocene x h. 
VI - 1700 cm J /g; melting point 163 # C, 
15 2,1 x 10* g/mol, MFI 230/21.6 - 1 dg/min; M^/M. - 2.1. 

Example 19a 

The procsdure was as in Example 2 , but 1.0 mg of rac-24 
were used. 1.2 kg of polypropylene were obtained. The 
metallocene activity was 1200 kg of PP/g of metallocene 
20 x h. VI - 1100 cmVg. Melting point - 161 # C. 

Example 20 

The procedure was as in Example 1; however the polymer- 
ization temperature was 40 # C. 6.0 mg of 17 were used. 
1.95 kg of polypropylene were obtained; the metallocene 
25 activity was 325 kg of PP/g of metallocene x h. 
VI - 1 320 cm J /g; melting p int 162 # C, 
- 1.79 x 10* g/mol, K/K* - 2.3. 

Comparative Example C 



The procedure was as in Example 20, but the conventional 



0 
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metallocene r ac-dimethyl silanediy Ibis ( 2-ethyl- 
1-indenyl) zirconium dichloride was used. 0.374 leg of 
polypropylene were obtained; the metallocene activity was 
62.3 kg of PP/g of metallocene x h. VT - 398 cmVg; 
5 melting point 147 # C, - 450 f 000 g/mol, M./M,, - 2.5. 

Example 21 

The procedure was as in Example 1, bat 5.2 mg of 31 were 
used. 1.67 kg of polypropylene were obtained; the metall- 
ocene activity was 321 kg of PP/g of metallocene x h. 
10 VI - 980 cmVg; melting point 158 # C. 

Example 22 

The procedure was as in Example 1, but the polymerization 
was carried out at 30 # C and 3.7 mg of 33 were used. 
0.35 kg of polypropylene were obtained; the metallocene 
15 activity was 94 kg of PP/g of metallocene x h. 
VI - 440 cmVg; melting point 153 # C. 

Example 23 

A dry 16 dm 1 reactor was flushed with propylene and 
filled with 10 dm 3 of liquid propylene. 1.1 cm a of the 

20 reaction product from H.2 (corresponding to 7.5 mg of 34) 
were then dissolved in 20 cm 1 of toluene and introduced 
into the reactor at 30 *C. The reactor was heated to 50 # C 
(10*C/min) and the polymerization system was kept at this 
temperature for 1 hour by cooling. The polymerization was 

25 terminated by addition of CO, gas* The excess monomer was 
removed in gas form, and the polymer was dried in vacuo 
at 80 # C. 2.45 kg of polypropylene were obtained. 
VI - 875 cmVg; melting point 160 # C. 

Example 24 



30 A dry 16 dm 1 reaotor was flushed with nitrogen, and filled 
at 20 # C with 10 dm 1 of a benzine out having th boiling 
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range 100-120 # C from which the aromatic compound* had 
been removed. The gas space of the reactor was then 
flushed free of nitrogen by injecting 2 bar of ethylene 
and releasing the pressure and repeating this operation 

5 4 times. 30 cm J of a toluene solution of methyl- 
aluminoxane (corresponding to 45 mmol of Al, molecular 
weight 700 g/mol according to cryoscopic determination) 
were then added. The reactor contents were heated to 30 # C 
over the course of 15 minutes with stirring, and the 

>0 overall pressure was set at 5 bar by addition of ethylene 
at a stirring rate of 250 rpm. 

In parallel , 3.2 g of 12 were dissolved in 20 cm 1 of a 
toluene solution of methylaluminoxane and were preacti- 
vated by standing for 15 minutes. The solution was then 
15 introduced into the reactor, and the polymerization 
system was heated to a temperature of 50 # C and kept at 
this temperature for 4 hour s by appropriate cooling* The 
overall pressure was kept at 5 bar during this time by a 
appropriate supply of ethylene. 

20 The polymerization was terminated by addition of 20 ml of 
isopropanol, and the polymer was filtered off and dried 
in vacuo. 0.7 kg of polyethylene were obtained. 
VI - 690 cmVg. 

Example 25 

25 The procedure of Example 24 was followed* Zn contrast to 
Example 23, 1.8 mg of rac-7 were employed, and the 
polymerization system was heated to 70 # C and kept at this 
temperature for 1 hour. 0.9 kg of polyethylene were 
obtained. VI - 730 cmVg. 

30 Example 26 

IS g of T-MAO on 8i0," (111 mmol of Al) were suspended 
in 100 cm 1 of tolueue in a tirrable v ssel and cool d to 
-20*C. At the same time, 155 mg (0*246 mmol) of rac-5 
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were dissolved in 75 cm 1 of toluene end added dropwise to 
this suspension over the course of 30 minutes. The 
mixture was slowly warned to room temperature with 
stirring, the suspension taxing on a red color. The 
5 mixture was subsequently stirred at 80«C for I hour, 
cooled to room temperature and filtered, and the solid 
was washed 3 times with 100 cm 1 of toluene in each case 
and once with 100 cm' of hexane. The filtrate was red. 
The hexane-moist f iltar residue which remained was dried 
10 in vacuo, giving 13.2 g of frse-f lowing, pale red, 
supported catalyst. Analysis gave a content of 3.2 ng of 
zirconocene per gram of catalyst. 

polymerization i For the polymerization, 2.08 g of the 
catalyst were suspended in 50 cm 1 of a benzine cut having 
15 the boiling range of 100-120'C from which the aromatic 
compounds had been removed. The polymerization was 
carried out analogously to Example 3 at 60»C. 1100 g of 
polypropylene powder were obtained. The reactor exhibited 
no deposits on the internal wall or stirrer. 
20 Activity - 165 kg of PP/(g of metallocene x h) . VI - 
1100 cmVg. Melting point - 153«C; M. - 1.485,000, 
M./M. - 3.2} MFI 230/5 - 0.1 dg/min; BO - 440 g/dm». 

Example 2 7 

1.31 g of the catalyst from Example 26 were suspended in 
25 50 cm' of a benzine cut having the boiling range of 
100-120*C from which the aromatic compounds had been 
removed. The polymerization was carried out analogously 
to Example 3 at 70«C. 1300 g of polypropylene powder were 
obtained. The reactor exhibited no deposits on the 
30 internal wall or stirrer. Activity - 310 kg of PP/(g of 
metallocene x h) . VI - 892 omVgi melting point - 150»C, 
M* - 1,290,000» K./M. - 3.0) BO - 410 g/dm». 

Example 28 

The supporting prooedure from Examplo 26 was r peat d 
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with the difference that 0.845 g of rac-5 dissolved in 
500 cm 3 of toluene were reacted with 90 g of "F-MAO on 
Si0 2 " and suspended in 500 cm 1 of toluene. 84 g of red, 
pulverulent catalyst were obtained. Analysis gave a 
content of 9 mg of metallocene per gram of solid, and the 
red filtrate contained 13 mg of zirconium. 

Polymerization: 1.1 g of the supported catalyst were 
suspended in 50 ml of a benzine cut having a boiling 
range of 100-120*C from which the aromatic compounds had 
been removed. The polymerization was carried out analo- 
gously to Example 3 at 70 # C. 2850 g of polypropylene 
powder were obtained. The reactor exhibited no deposits 
on the internal wall or stirrer. Activity » 288 kg of 
PF/(g of metallocene x h) ; VT • 638 cmVg; melting 
point - 150*C; KFI 230/5 - 0.5 dg/min; BD - 410 g/dm*. 

Example 29 

A microporous polypropylene powder (AXZO) having a 
particle size of smaller than 100 pa was freed from 
impurities by extraction with toluene in a Soxhlet 
20 extractor under inert conditions and subsequently washed 
with 20 % strength by weight of trims thy lalumimim solu- 
tion in toluene and dried in vacuo. In parallel, 51.1 mg 
of rac-5 were dissolved in 40 cm* of a toluene solution 
of methylaluminoxane and reacted fully by standing for 
25 15 minutes. 16.5 g of the PP powder were metered In, and 
the gas in the pores of the support and some of the 
solvent were removed by briefly applying a vacuus, and 
the catalyst solution was absorbed fully* Vigorous 
shaking of the reaction vessel gave 46 g of homogeneous, 
30 finely divided and free-flowing red powder. 10 g of the 
supported catalyst powder were prepolymerixed for 
30 minutes with ethylene under inert conditions in a 
rotary evaporator* The ethylene exoess pressure was kept 
constant at 0*1 bar by means of a pressurs-rsgulation 
35 valve, and the mixing of the catalyst powder was achieved 
by continuous rotation of th reaction vessel with 
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cooling at 0 # C. 12 g of prepolymerized catalyst were 
obtained. 

Polymerization: 4.6 g of the supported, prepolymerized 
catalyst were suspended in 50 cm 1 of a benzine cut having 
5 the boiling range 3JO-120 # C from which the aromatic 
compounds had been .removed. Polymerization was carried 
out analogously to Example 3 at 70 # C. 250 g of poly- 
propylene powder were obtained. The reactor exhibited no 
deposits on the internal wall or stirrer, and the mean 
10 particle size was 1,000 |im. Activity - 59 kg of PP/(g of 
metallocene xh); VI- 734 cmVg. Melting point - 152«Cj 
BD - 390 g/dm 1 . 

Example 30 

1 g of the supported, non-prepolymerized catalyst from 
15 Example 29 was suspended in 50 cm* of n-decane for the 
polymerization. The polymerization was carried out 
analogously to Example 3 at 70 # C. 600 g of polypropylene 
were obtained. The reactor exhibited thin dsjosits on the 
internal wall and stirrer, and the mean particle diameter 
20 was >2000 urn. Activity - 540 kg of PP/(g of metallocene 
x h)> VI - 1400 cmVg; melting point - 157.7 # C| 
BD - 280 g/dm 1 . 
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THE EHBOD1MBHTS OF THE IHVKKTIOS I* WHICH AN KXCWSIVE 
PROPERTT OR PRIVXLEGE IS OAIBD ARE DEFIHHD AS FOUXWS. 
1. A compound of formula I 
to 




10 



13 



20 



In which L . .. 

M» ia a metal from group IVb, Vb or VIb of the 

Periodic Table, 

R l and R 1 are identical or different and ara a 
hydrogen atom, a C.-C.^alkyl group, a C,-C,.-alkoxy 
group, a C.-C„-aryl group, a C-C^-aryloxy group, a 
C,-C u -alkenyl group, a C,-C 4 .-arylalkyl group, a 
C,-C 40 -alkylaryl group, a C.-C 40 -arylalkenyl group, an 
OB group or a halogen atom, 

the radioale R' are identical or different and are a 
hydrogen atom, a halogen atom, a C,-C l9 -alkyl group, 
which ray be halogen.ted, a C,-C„-aryl group, an 
-MR",, -8R", -08iR"„ -8iR w , or -PR 14 , radical, in 
which R" i« » halogen .torn, a C,-C l9 -alkyl group or 
a C,-C„-eryl group, 

r« to R" are identical or different and are aa 
defin d for R», or adjacent radioale R* t R», 
tog ther with the atomo connecting them, form one r 
more aromatic or aliphatic ringa, ox the radicale R» 
and R* or R», together with the atome conmoting 
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them, form an aromatic or aliphatic ring, 

R u is 





-BR 14 , -AIR 14 , -Ge-, -0-, -S-, -SO, -SO,, -NR U , -CO, 
-PR 14 or -P(0)R 14 , where R 14 and R" are identical or 
different and are a hydrogen atom, a halogen atom, 
a C^Cjo-alJcyl group, a C^Cjo-f luoroalkyl group, a 
Cj-Cjp-alkoxy group, a C«-C l0 -aryl group, a 
C,-C 10 -fluoroaryl group, a C # -C 10 -aryloxy group, a 
0,-Cio-alkenyl group, a C,-C 40 -erylalkyl group, a 
C 7 -C, 9 -alkylaryl group or a C t -C 40 -arylalkenyl group, 
or R u and R 1 *, in each case together with atoms 
connecting them, form one or more rings, and 
M 1 is silicon, germanium or tin* 

K compound of the formula I as claimed in claim 1, 
wherein, in the formula I, 
M l is zirconium or hafnium, 

R* and R a are identical and ere e Cj-C^alkyl group 
or a halogen atom, 

the radicals R' are identical and aro a C^C -alkyl 
gr up 
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R 4 to R w are identical or different and are hydrogen 
or a C x -C 4 -ai)cyl group, and 

R» is 




where M a ie silicon or germanium and R 14 and R" are 
identical or different and are a C l -C 4 -alkyl group or 
a C 4 -C lp -aryl group. 

A compound of the formula I as claimed in claim 1, 
wherein, in the formula I, 

R 4 and R 7 are hydrogen, and 

R\ R 4 and R* to R" are identical or different and 
are hydrogen or a C l -C 4 -alJcyl group. 

A compound of the formula I as claimed in claim 1, 
wherein, in formula I, 

M* is zirconium, 

R l and R 1 are identical and are chlorine, 

the radicals R s are identioal and are a C,-C 4 -alkyl 

group, 

R 4 and R' are hydrogen, 

R\ R 4 and R 1 to R" are identical or different and 
are a C,-C 4 -alkyl group or hydrogen, and 
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R" is 




IS • „1$ ,l» 



where M a is silicon and K 14 and R IS axe identical or 
different and are a C,-C 4 -al)cyl group or a C 4 -C 10 -aryl 
group. 

A compound of formula I as claimed in one or more of 
claims 1 to 4, wherein , in the formula I, 

M 1 is zirconium , R l and R J are chlorine, the radicals 
R' are methyl or ethyl, R 4 to R u are hydrogen, and 
R» is 




II • .11 .11 



where K 1 is silicon, and R" and R Ift are identical or 
different and are methyl, ethyl, n-propyl, i -propyl 
or phenyl . 

A process for the preparation of an olefin polymer 
by polymerisation or oopolymeriaation of an olefin 
of the formula R*-CH-CH-R*, in which R % and R* axe 
identical x dif f xent and are a hydrogen atom r a 
hydrocarbon radioal having 1 to 14 carbon atoms, r 
R* and R*, t g thex with the atoms connecting them, 
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can form one or more rings, and at a temperature of 
from -60 to 200 # C, at a pressure of 0.5 to 100 bar, 
in solution, in suspension or in the gas phase , in 
the presence of a catalyst formed from a metallocene 
as transition-metal compound and a cocatalyst, 
wherein the metallocene is a compound of the formula 
I as claimed in claim 1. 

The process as claimed in claim 6, wherein the 
cocatalyst used is an aluminoxane of the formula Ila 
for the linear type and/or of the formula lib for 
the cyclic type 




(Ma) 



1 7 



J a + 2 



(lib) 



where, in the formulae Ila and lib, the radicals R" 
are identical or different and are a C|-C,-alkyl 
group, a C 4 -C lt ~aryl group, bensyl or hydrogen, and 
p is an integer from 2 to 30. 

The process an claimed in claim 6, wherein the 
cocatalyst ueed is methylaluminoxane. 

The process as claimed in claim 6, wherein the 
metallocene of the formula Z io preaotivated by 
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means of an aluminoxane of the formula Ila and/or 
lib before use in the polymerization reaction. 

10. The process as claimed in claim 6, wherein a sup- 
ported polymerization catalyst is employed which is 

5 the product of the reaction of a metallocene of the 

formula X with a supported organoaluminum compound 
(cocatalyst) . 

11. The process as claimed in claim 10, wherein the 
support material is an oxide of silicon and/or of 

10 aluminum, and the organoaluminum compound is methyl- 

aluminoxane. 

12. The use of a metallocene of formula I as claimed in 
claim 1 as a catalyst component in the polymer- 
ization or copolymer izat ion of olefins. 
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R 

I 

- A I 



17 



(Mb) 



p + 2 



" verwendet «d. wobei in dan Formeln lla und lib die Resle R 17 gleic*~der verschieder , sind und eine C^e" 

Sgruppe "1 Ce-Ce-Arylgruppe. Benzyl oder Vfesserstof. bedeuten und p e*e ganze Zah. von 2 b,s 50 ««. 

■ . 8 . /erfahrengen^Anspn,^^^^ 

9. Vertahren gemaO Anspruch 6. dadu-ch gekennzeichnet. daB das Meta.tocen der Formel h .or dem Einsatz in der 
Polymeri Jtionsreaktion mit einem Aluminoxan der Formel lla und/oder lib voraktrvrart w.rd. 

10 Vertahren oemaB Anspruch 6. dadurch gekennzeichnet. da(3 ein getragerter Polymerisations-Katalysator einge- 
J£ T^rl^rkSnsp^duM eines MM... der Forme. I mK e«er getragerten Organoalum^um- 
Verbindung (Cokatalysator) ist. 

11. vertahren gemalJ Anspruch 10, dadurch gekennzeichnet, daO das Tragermaterial ein Oxid des Siliziums und/oder 
Aluminiums ist und die Organoaluminium-Verbindung Methylalummoxan ist. 

12. Verwendung eines Metallocens der Formel I gemalJ Anspruch 1 ate Katalysatorkomponente bei der Polymerisation 
25 oder Copolymerisation von Olefinen. 



Claims 

30 1 . A compound of the formula I 




in which 
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M 1 is a metal from group IVb. Vb or Vlb of the Periodic Table, 

R 1 and R2 are identical or different and are a hydrogen atom, a C.-C^alkyl group, a C^C^-alkoxy group a 
^6-Cio-aryl group, a Ce-C^-arytoxy group, a C 2 -C 10 -alkenyl group, a ^-C^arylalkyl group, a CVC^-alky- 
laryl group, a Ce-C^-arylalkenyl group, an OH group or a halogen atom, 

the radicals FPare identical or different and are a hydrogen atom, a halogen atom, a C^o-alkyl group which 
may be hatogenated, a C 6 -C 10 .aryl group, an -NRi« 2 , -sris OSiR'6 3 . -SiR^or -PR'*, radical, in which Rie 
isahalc^enatom.aq^o^lkylgrouporaCe^o^rylgroup, . 

R* to R« are identical or different and are as defined for R3, or adjacent radicals R* to R« together with the 
atoms connecting them, form one or more aromatic or aliphatic rings, or the radicals RS and RQ or R« together 
with the atoms connecting them, form an aromatic or aliphatic ring, 



R 13 

1 5 



R 1 4 ft" 



_2 

55 .15 



14 B 14 



14 



— c — c — — 0 1 2 0- 

I.. I - I 



• S .19 



I s 



R 14 .14 



c — — o u — 



'« • .ts 



R w R« 4 



R R 

I I 

— c — u*— — c — c 



14 .14 R 14 



c— 



IS b ,s ' d'5 e 19 b M 



^L^J ' ft • =SO ' =S °* =NR14 ' =C0> =PRU w =p (°> RU - Where R14 and R1S are identical 
C^Z ST/f ? y ?° 9e " a,wn - a hal °9 e " a CrC.o-a.kyl group, a C r C 10 .fluoroa..cyl group, a C r 
SSTTc C P a M^ ,0 * a ^ 9 T. a C «- C ">- fluoroa 'y' a Ce-C^-arytoxy group, a (b^-altony. 
P«^h ; a C r C4o ; a,y,alkyl group ' a C7-C«o-alkylaryl group or a Qe-C^-arylalkenyl group, or R" and R« in 
each case together with the atoms connecting them, form one oTmore rings, and 

M 2 is silicon, germanium or tin. 
A compound of the formula I as claimed in claim 1. wherein, in the formula I. 
Mi is zirconium or hafnium, 

R 1 and R2 are identical and are a C,-C 3 -alkyl group or a halogen atom, 

the radicals R3 are identical and are a C r C 4 -alkyl group. 

R 4 to R'* are identical or different and are hydrogen or a C,-C 4 -alkyl group, and 

R' 3 is 
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1 4 



1 4 



1 4 



1 5 



1 5 



19 



where M* is silicon or germanium and H" and R« are identical or different and are a C 1 -C 4 -a«kyl group or 
Ce-Cur 3 ^ 1 group- 

3. A compound ot the formula I as claimed in claim 1 . wherein, in the formula I, 

R 4 and R 7 are hydrogen, and 

RS. R6 and R s to R 12 are identical or different and are hydrogen or a C r C 4 -alkyl group. 

4. A compound of the formula I as claimed in claim 1 . wherein, in the formula I . 

M 1 is zirconium, 

R 1 and R 2 are identical and are chlorine. 

the radicals R 3 are identical and are a C^-C^alkyl group, 

R 4 and R 7 are hydrogen, 

RS, R* and R8 to R 12 are identical or different and are a d-G^-al*! group or hydrogen, and 
R 13 is 



a 



1 4 



1 5 



1 4 



15 



1 4 



C — 



15 



where 



M 2 is silicon and and Ri * are identical or different and are a C 1 -C 4 -alkyl group or a C 6 -C 10 -aryl group. 

of claims 1 to 4 : wherein, in the formula I, M 1 is zirconium, 



5. A compound of the formula I as claimed in one or more 

Ri and R 2 are chlorine, the radicals R 3 are methyl or ethyl. R 4 to R 12 are hydrogen, and 

R' 3 is 
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R 



1 4 



R 



IS 



R 



R 



13 _ 



R 



R 



1 9 



6. 



where M 2 is silicon, and 

and R« are identical or different and are methyl, ethyl, n-propyl, i-propyl or phenyl. 

r'^H^'ZT* ° , H a o b 0,efin P ° lymer by P° , V meriza,io " « copotyrnerization of an otefin of the foonula 
Lfnnf 1 ° afe K,en,iCal ° f dif,erem are a h y*°9 e " o, a hydrocarbon radical 

afa ternoerl^T Tn ?' EE R * "* at0mS «""«*■" «"•»«. « *S 

oha™ TT T." 60 t0 200 C ' 3t 8 PfeSSUre °' 0 5 to 100 ter ' h 80lutio "- "> ^Pension or in the is 

SZh «I Pr , 9 ?r Ce 01 8 Ca,a ' ySt ,Om,0d ,rom 8 "•««*«•"• as transition-metal compound and a cocatalysT 
wherein the metalbcene is a compound of the formula I as claimed in claim 1 . * 



\ 

/ 
1 7 



n 

i 

A I 



1 7 



R 



1 7 



A I 



\ 



1 7 



( I la) 



1 7 



T 



A I 



(Hk) 



p + 2 



where in the lonnulae Ha and lib. the radicals R 17 are identical or diflerent and are a C, -C 6 -allcyl group a C K -C .. 
aryl group, benzyl or hydrogen, and p is an integer from 2 to 50. 6 18 

8. The process as claimed in claim 6, wherein the cocatalyst used is methylaluminoxane. 

9 ' m^rtZ^'l S Clai ^ 6, Wh8rein ' he meta,loc ™ - *» 'ormute I is preactivated by means of an a.u- 
m,noxaneof the formula lla and/or lib before use in the polymerization reaction. 

1 °' 'SH^Z^ r' aimed n Claim 6< Whefein 3 Supported Polarization catalyst is employed which is the product 
of the reason of a meta.locene of the formula I with a supported organoa.uminum compound (cocaaiystf 

t^™*, a8 . Claimed in cUiim 10 - " herei " suPPon material is an oxide of silicon and/or of aluminum and 
the organoaluminum compound is methylaluminoxane. 01 aluminum, ana 

SSS^ ' OTOUb ' 93 Cbimed 1 aS 8 ~*« "» - P°— *n or 
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